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he 1,000-year period beginning in the fifth 

century is commonly referred to as the 

Dark Ages in the Western World. In Islamic 
societies, however, the era was anything but dark. In 
fact, from the seventh century on, while the rest of 
the world languished, the international language of 
science was Arabic, Thousands of social, scientific, 
and technological achievements were spawned by 
men and women of different faiths and cultures who 
lived in Muslim civilization. 

Companion to the hugely popular traveling 
exhibit that opened at the Science Museum, London, 
1001 Inventions: The Enduring Legacy of Muslim 
Civilization sheds new light on the forgotten history— 
and the innovations—of these men and women who 
helped pave the way for the European Renaissance 
and the modern world as we know it. 
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FOREWORD 


CLARENCE HOUSE 


In 1993, I gave a lecture at the Oxford Centre for Islamic Studies called “Islam and 
the West”, in which | addressed the dangerous level of misunderstanding between 
these two worlds and drew attention fo the joint scientific and cultural heritage that in 
fact links us together. 


Today, in times when these links matter more than ever, | am delighted to sce the 
success of the initiative called /00/ Inventions, which presents and celebrates the 
many scientific, technological and humanitarian developments shared by the Islamic 
world and the West. For while the West struggled in a period often called the “Dark 
Ages”, enormous intellectual and cultural developments were taking place in Muslim 
civilization from the seventh century onward. In science, astronomy, mathematics, 
algebra (itself an Arabic word), law, history, medicine, pharmacology, optics, 
agriculture, architecture, theology, music — a “Golden Age” of discovery was 
flounshing in the Islamic world, which would contribute enormously to the European 
Renaissance. 


{t ts & matter of great pride that, although global in its outreach and operation, /00/ 
Inventions is in fact an initiative of a British-based team supported by a network of 
academics around the world, The /00/ Inventions exhibitions, books and films have 
achieved significant success in popularizing public understanding of the cultural roots 
of science and, thereby, encouraging intercultural respect and appreciation. 


This book, now in its third edition and published by the National Geographic Society, 
introduces the fascinating legacy of the Golden Age to a new audience. It is part of a 
global effort to increase understanding of how men and women of many different 
faiths and ethnicities, living under the umbrella of Muslim Civilization, made 
extraordinary advances during this period and how these advances touch every part of 
society today. 


! can only pray that the whole concept of /00/ Inventions, and especially this book, 
will inspire future generations of scientists and scholars, men and women, Muslims 
and non-Muslims alike, to build a better world for their fellow man, whatever their 
creed or colour. | look forward to the further success and expansion of this important 
and much-needed initiative. 


a 
His Royal Highness The Prince of Wales 
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1001 INVENTIONS: THE ENOURING LEGACY OF MUSLIM CIVILIZATION 


INTRODUCTION 


he development of this book tells an interesting story. In 1975, Lord 
B. V. Bowden, the principal at the time of the University of Manchester 
Institute of Science and Technology, or UMIST, became fascinated by the 
manner in which the Muslims managed a domain that stretched from China 


to Spain for so many centuries. Of particular interest was how they introduced 


the concept of “indexation” in combating inflation, which was rampant in the 


Roman Empire. He announced in the House of Lords that in order to guide the 


United Kingdom's economy, then riddled with inflation, we should learn from 


the Muslims’ experience and consider the economic principles laid dawn some 


1400 years ago in the Quran s 


Lord Bowden set up the Institute for the History 
of Muslim Science, Technology, and Commerce, 
recruiting me and s few professors from UMIST 
and the Victoria University of Manchester, and we 
Were auginented by a few dignitaries. Although 
this initiative did not thrive for long, it gave me the 
opportunity to encounter historians and scholars 
outside my engineering discipline and, more sig 

nificanily, it revealed to me the frightening level 
of their ignorance of the traditions and beliefs of 
other cultures. Lord Bowden passed away in 1989, 
and with him went that institute. 

Then in 1993, Professor Donald Cardwell, head 
of the Department of History of Science and Tech- 
nology, and the founder of the Museum of Science 
and Industry in Manchester, presented me with a 
challenge. Much in the spirit of Lord Bowden he 
said to me: “Salim, you should by now know there 
are a thousand years missing from the history of 
engineering a period wecall the Dark Ages. Most 
of the missing knowledge is contained in Arabic 
manuscripts filling the cellars of many famous 


libraries. You are a distinguished professor of 


revealed to the Prophet Muhammad (pbuh).* 


engineering at s prestigious university and you 
know the Arabic language Therefore, you are 
best suited to do something about filling this gap” 

That wake-up cal) propelled me to follow a line 
of inquiry that eventually changed my life. That 
was when the story of this book began. 

Before taking this challenge, however, I looked 
up various books and journal papers and con- 
sulted numerous friends. Book after book, journal 
after journal, all pointed to this incredible gap. 
Take, for instance, a typical popular book at the 
time; Sctentists and Inventors: The People Who 
Made Technology from Earliest Times to Present 
Day by Anthony Feldman and Peter Ford, pub- 
lished in 1979. The authors explain that the book 
gives in chronological order humanity's scientific 
and technological progress from the invention of 
movable type to the discovery of penicillin. The 
pames of the great inventors, to whom they devote 
short chapters, follow in chronological order: 
Empedocles (cirea 490-430 B¢.£), Democritus 
(460-370 BC.£), Hippocrates (460-377 BCE), Aris- 
totle (283-322 BCE), Archimedes (267-212 BCE), 


* Luse the term "pbub,” meaning “Peace Be Upon Him/Her” to indicate the respect paid by Muslims to the Prophet 


Muhammad and other prophets including Jesus, Mary, Moses, and Isaac. 
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A tath:century illustration from Animals and Their Uses by [bn Bakhtishu shows 
Aristotle and Alexander the Great. 
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Johannes Gutenberg (1400-1468 cE), followed by 
others such as Da Vinci 

The remarkable jump of 1,600 years from the 
time of Archimedes to Gutenberg was amazing und 
troubling, Further reading of other books revealed 
that the whale period, 450-1492 CE. is in fact passed 
over as the Dark Ages. The period is altogether 
ignored as far as science and civilization are oon- 
cerned, termed variously as “a middle age,” an inter- 
mediary period, a uniform bloc, “vulgar centuries,” 
and, most disconcerting of all. an “obscure time” 
Sore books include a bit more on the Romans, but 
still Jeap over one thousand years. More disquieting 
were the gaps in school textbooks and other sources 
of learning which form the views and perceptions of 
pupils on other cultures aside from their own, 

Later that same year, on October 27, 1994. I 
attended an inspiring Jecture by HRH Prince 
Charles at the Sheldonian Theatre, Oxford, titled 
“Islam and the West.” Addressing a galaxy of 
eminent scholars in one of the strongholds of ori 
entalisin, his speech was received like fire in dry 
woods The eye-opening extract below reinforced 
my findings: 


If there is much misunderstanding in the West 
about the nature of Islam, there ts also much igner 
rance about the debt our own culture and civilize 
tion awe to the Islamie world It t o failure, which 
stems, Ithink, from the strairjacket of history, which 
we have inherited. The medieval Islamic world, 
from central Asia to the shores of the Atlantic. was 
a world where scholars and men of learning Rour- 
ished But because we have tended to see Islam as 
the enemy of the West, as an alien culture, society, 
and system of belief we have tended to ignore or 
erase its great relevance to our own history 


All students are trained to think critically; yet 
when faced with the darkness of ten centuries in 
Europe, they are told things appeared, as if by mir 
ace all at once during the Renaissance. This defies 


logic. Discoveries, inventions, and developments 
that alter the course of humanity, as any scientist 
knows, do not appear by chance. Continuity is fun- 
damental, especially in the birth and rise of the 
sciences; it is almost so in every other feld of study. 

A couple of years later and just before pass 
ing away, Professor Cardwell arranged for me 
to give a presentation at the esteemed Literary 
and Philosophical Society, titled the “Muslim 
Contribution to Science and Technology.” The 
amount of amazement and surprise expressed 
by the audience on the little 1 had to say rein- 
forced the assertion of Prince Charles, From 
then on, whenever I lectured on the topic I felt 
like a one-eyed man among the blind, Of special 
excitement was the fascination of young people 
in the subject of knowing where our present 
civilization came from. 

The ambition to write a book on the subject 
was pushed aside by the demands of being a 
professor of mechanical engineering, in a univer- 
sity world invaded by market forces with all the 
pressures of lecturing, researching, publishing, 
fund-raising, administration, and running two 
consulting companies. The practical solution 
was to hire historians and initiate undergraduate 
projects on the virtual reconstruction of ancient 
machines. This, together with the support of like- 
minded academics and professionals, saw the 
emergence of the Foundation for Science, Tech- 
nology and Civilisation, or FSTC. The would-be 
book instead began to take shape in the form 
of a website, www.MuslimHeritage.com, which 
attracted excellent peer-reviewed papers from 
renowned writers and researchers, 

Very quickly, the website became the first desti- 
nation and source of information for many institu: 
tions of learning schools, media groups, and young 
people from all over the English-speaking world It 
hoW attracts more than 50,000 daily page views. 

The spotlight fell on the relationship between 
the Muslim world and the West immediately after 


the 9/11 terrorist attacks on September 11, 2001, 
on New York's World Trade Center and the Pen- 
tagon. Quite amazing was a daring speech giver! 
just two weeks later by businesswomen and his- 
torian Carly Fiorina, chief executive officer at the 
time of Hewlett: Packard Corporation. At » meet- 
ing of all the corporation's worldwide managers, 
on September 26, 2001, Carly Fiorina unnounced: 


There was once a civilization that was the 
greatest in the world. It was able to create a 
continental superstate that stretched from 
ocean fo ocean and from northern climes to 
tropics and deserts. Within its dominion lived 
hundreds of millions of people, of different 
creeds and ethnic origins, 

One of its languages became the universal 
language of much of the world, the bridge 
between the peoples of a hundred lands 
Its armies were made up of people of many 
nationalities, and its military protection 
allowed a degree of peace and prosperity 
that had never been known. The reach of 
this ctvilization’s commerce extended from 

. Latin America to China, and everywhere 
in between. 

And this civilization was driven more than 
anything by invention. Its architects designed 
butldings that dehed geavity. ts mathemati 
cians created thealgebra and algorithms that 
would enable the building of computers, and 
the creation of encryption. Its doctors exam 
ined the human body, and found new cures 
for disease. Its astronomers looked into the 
heavens, named the stars, and paved the way 
for space travel and exploration Its writers 
created thousands of stories. Stories of cour- 
age, romance, and magic Its poets wrote of 
love, when others before them were too steeped 
in fear to think of such things. 

When other nations were afraid of idevs, this 
civilization thrived on them. and kept themalive 


When censors threatened to wipe out knowl- 
edge from past civilizations, this civilization 
kept the knowledge alive, and passed it on 
to others. 

While modern Western civilization shares 
many of these traits, the civilization I'm talk- 
ing about was the Islamic world from the year 
800 to 1600, which included the Ottoman 
Empire and the courts of Baghdad Darnas- 
cus, and Catro, and enlightened rulers like 
Suleyman the Magnificent. 

Although we are often unaware of our 
indebtedness to this other civilization, its 
gifts are very much a part of our heritage. The 
technology industry would not exist without 
the contributions of Arab mathematicians. 


Anumber of colleagues, well established in the 
subject, began a lecturing campaign in Britain, 
Europe, and abroad. A large number of people 
from all walks of life derived pleasure and inspi~ 
tation from this knowledge. Presentations to the 
younger generation, especially the ones I gave to 
the Youth NGOs at the European Parliament in 
Brussels, sparked enormous interest in science 
and technology, and especially in the lives of 
Muslim pioneers in chemistry, physics, medi- 
cine, biology, algebra, engineering, architecture, 
art, agriculture, and in numerous manufacturing 
industries who have impacted so positively on our 
moder civilization. It was clear this underappre- 
ciated subject was finally coming of age. 

In 2006, FSTC launched the 1001 Inventions ini- 
tiative, and since then, public interest in the scientific 
achievements of Muslim civilizanion has increased 
exponentially. Qur frst exhibition was sponsored 
by numerous United Kingdom government, scien- 
tie, and academic establishments and charitable 
organizations It toured British science museums 
for two years and subsequently visited the Brit- 
ish Houses of Parliament and the United Nations. 
The first two editions of the 1001 Inventions books 


Britain to see the exhibition for himself. He 
insisted that the next venue on our global tour be 
Istanbul, before it began its North America leg 
Thus, the exhibition also had a very well-received 
sevenweek residency in Turkey. 

Atthe Istanbul launch event the prime minister 
expressed his deep apprecistion of our initiative 


1001 Inventions relives the 1,000-year-long odven- 
ture of science and technology in Muslim ctvilb 
zation [and] provides a posite message for our 
youth, for the Muslim world, and for humanity 
Exhibits displayed here abour the history of medi- 
cihe, astronomy, mathematics, geametry, chemis- 
é™jand soon, still manage to.amaze us even today. 
Jt te our common responsibility to make sure 
we do noe forget, or ler be forgorten, these impor 
tant underappreciated scientists from Muslim. 
civilization In that sense, the 1001 Inventions int- 
thattve has a very important and propitious task 
Teongratulate each and every individual involved 
tn the creation of this exhibition and f am opti- 
mistic this exhibition will provide a brand new 
perspective on our modem actenritic world. 


The people of Istanbul responded with simi- 
lar enthusiasm, with more than 450,000 walling 
through the doors to experience our bilingual Turk- 
ish-English exhibition situated in the city’s historic 
Sultanahmer Square, next to the Hagia Sofa and the 
Blue Mosque, The Turkish media was unanimous in 
its praise. and the scientific legacy from the Ottoman 
period resonated strongly with our Turkish audi- 
ence This served as a magnificent European send- 
off for the North American tour that would follow. 

At the time of this writing the exhibition has 
so far enjoyed a warm reception in New York City 
where it was displayed at the Hall of Science and is 
currently attracting more thari 50,000 visitors a week 
at the Californis Science Center in Los Angeles, 

We are truly grateful for the support we have 
received from world leaders, diplomats, and 
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education establishments More satisfying yet isthe 
enthusiasm of the millions of people, many of them 
teenagers and young people who have engaged 
with our educational books and exhibitions, as well 
as online and through social media channels. 

An integral part of the exhibition is a short edu- 
cational film, starring Oscar-winning actor Sir Ben 
Kingsley, titled 2002 Jnventions and the Library of 
Secrets, which is available for free via our website. 
The movie was a revelation Downloaded more than 
ten million times, it went on to win more than 20 
international film awards, inchiding “Best Film” ree 
ognition at Cannes and the New York Film Festival, 

The momentum we've created continues to 
grow and we have ambitious plans for the future 
An Arabic-language version of the exhibition 
began touring the Middle East in autumn 2013, 
bringing 1001 Inventions to a new audience that 
is hungry fora greater understanding of theirown 
scientific history. The original exhibition arrives 
in Washington, DC., the summer of 2012. Further- 
more, we intend to produce more educational films 
and documentaries, and new educational material 
and translations of the 2001 Inventions exhibition, 
in other Asian and European languages. 

This book is just one of the much labored over 
fruits of the 1001 Inventions initiative. Its painstaking 
completion is an achievement of no single individ- 
ual, but of all those mentioned on the Acknowledg- 
ments page. The bool identifies in an enjoyable, 
easy-to-read format aspects of our modern lives 
that are linked with inventions from Muslim civiliza 
tion, It is cur hope that through these pages we can 
enhance intercultural respect while at the same time 
inspire young people from both Muslim and non- 
Muslim backgrounds to find career role models in 
science, technology, engineering, and mathematics 


Professor Salim T. S. al-Hassani 
Chief Editor and Chairman, FSTC 
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AL-KINDI, NINTH-CENTURY MUSLIM SCHOLAR WHO STUDIED IN BAGHDAD, IRAQ 


fee STORY BEGINS 


THE GOLDEN AGE 
TIME LINE OF DEVELOPMENT IN MUSLIM CIVILIZATION 


FOR CENTURIES AFTER THE FALL OF ANCIENT ROME, SCIENTIFIC PROGRESS IN 
western Europe slowed almost to a standstill. In the developing Muslim world, however, 
a golden age of discovery flourished from the seventh century until the sixteenth cen- 
tury. During this period in the Muslim world, scholars of various faiths and cultures built 
and improved upon the knowledge of ancient Egypt, ancient Mesopotamia, Persia, China, 
India, and of the Greeks and Romans, making breakthroughs that helped pave the way for 
the European Renaissance, 

Great men and women of the past~mathematicians, astronomers, chemists, physicians, archi 
tects, engineers, economists, sociologists, artists, artisans, historians, geographers, and educa 
tors—expressed their faith by making beneficial contributions to society and humanity, They did 
so with open-mindedness and, in many instances, in collaboration with people of other faiths, 
cultures, and backgrounds. 

Now, you can uncover the stories of the talented men and women who lived in the golden 
age of Muslim civilization, and discover the ways in which their inventions shaped the 


way we live today. 


opposite: Al-lazari designed c water-powered Elephant Clock in the 13th century, reconstructed for the 1001 Inventions exhibition, 


® Hospital 


@ Town 


® World 


St a Suet oe See oe ee Seto Sew 


® Universe 


SRA RA ari 
PESO ESOS Bee RS 2% Sok ets ae: it 


= ae a rie es 


TIME LINE OF DEVELOPMENT IN MUSLIM CIVILIZATION 


@ MUSLIM EVENTS 
aye ° @ EUROPEAN EVENTS 
SN SRL Eee died AL 
Wie sp pent A aed! eet lah 

4", eggtstind 


Dome of the Rock Mosque 


THOURGHEUUEDUUGGUDORUDRDROROOBORBObA 


ee 


661 yu 
ry Islam reaches Spain 


Abbasids overthrow th 


yyeds and ir 


mj is born. Hi 
br wal Mugabol: 


od modern algebra 


wise he 


ARABIC PROVERE d the house 
Old street in Cdr ; ; 1 I 
rather leads you fo the threshc 


own mir 


KMAUL GIRRAN IM HIS BOOK THE PROPHET 


DECONSERVANDA 
BONA VALETVOINE, 
Liber Scbole Salermitanar. 


Al-Khwariemi 
> 


MU CURURRAURDRRNOURAUDUUOHUDGUURHONOORGHDOUDUNURGHOUUHNEDRAUUONNNOTRRND 


famous treatioe 


ai-tth, known iz 


iget 


Nur al-Din Zangi establishes 
Ab Nuri Hospital in 


1197 


Sotanist Ibn al-Bay 


is barn in Millage = 

He wrote a famous neskake 

pharmecopesa leone] 
1187 


Salah al-Din al-Ayyubi 
Jerusalem. 


saan hh adh I And AAA a aaa na ee I 


TITTITTTTTTTITITTTTTTTTTITITTTT TTT LTT TTT TTT 
t | + 


1210 i led 
Ton alb-Nafis is born. Fie wa . 
cholar of jurisprudey er Sy 
and doctor who was fi 
to di pulmonar 
He wrote 
; ) h 


1229 


Robert Grosseteste 


“Bec wuty oF style and 
harmony and grace and 
yood rhythm depend on 


simplicity.” 


ai, \ 


ih mY 


I 


TTTTTETTTTTTTITITITITITITITTT . IUTTITITTTTTTTSTTTTTTIT TEI TTT TT TTT TTT 


1267 1311 pl Se a8e7 


’ ts f 


1284 


f t} € roar 


PROPHET MURAM! 


. Lagori Hasa 
NARRATED BY ABU AL-DARDAN 


1 
1593 
te The Canon of Ibn Sina is 
opt printed in R "7 
. with A 
be 1796 
1564 2 pean ! Udward Jenner 
Galileo Galilet is bor urricubur 
| . | } 
LILLIPUT LLL DGHUURDEDORSUNUUDUDURANONUBOOUDDONN | ND SUURURERERORERE 


PTTTTETTTTTTTTTSTITITTTITETITTTITTTSTIITTITTTSTTTTTTTTTSTTOTTOTTT|TONTTTTTITOIN ETT TTT TT TTLTITTITITTLTTTTTTTTTITTTTTTTTTSTTTTT T 


1558 1642 


1650 


Turkish merchant 


at a time rp 
bring coffee to the a 


ed Ben Ali 


ellow of 


Loaders 


and hed 


ated Lady Mary 


Wortley Montagu 


CHAPTER Two 


“He is happiest, be he King or peasant, 
who finds peace in his home.” 


JOMANN WOLFGANG VON GOCTWE, GERMAN WRITER 
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HOME 


ON THE COFFEE TRAIL © FINE DINING * THREE-COURSE MENU 
CLOCKS ¢ CHESS * MUSIC © CLEANLINESS ¢ TRICK DEVICES 
VISION AND CAMERAS ® FASHION AND STYLE * CARPETS 


YOUR HOME IS YOUR PRIVATE DOMAIN, WHERE YOU CAN BE WHO YOU WANT TO BE, WHERE 
the big world stops at the front door. Your home represents who you are; it speaks your 
language. In the kitchen, maybe a favorite coffeepot sits by the kettle, under a clock that 
is beside a holiday photo taken from last year’s vacation. Fragrant smells of fine soap and 
perfume waft out of the bathroom while music floats up the luxuriously carpeted stairs. 


Read on and you will be intrigued to discover that the items mentioned above originated 
or were developed more than a millennium ago by industrious Muslims who sought to 
provide greater comforts in their world. 


The humble roots of your trusted camera were in a dark room in tith-century Egypt, and 
if you are late, hurriedly looking at your watch, think about the 7-meter-high (23 feet) 
clocks designed in 13th-century Turkey with state-of-the-art engineering technology. A 
man with the nickname of “the Blackbird” came from eighth-century Baghdad to Muslim 
Spain, bringing the etiquette of three-course meals and seasonal clothes, while chemists 
developed perfumes, and chess went from being a war game to household entertainment. 


opposit: A i6th-century menuseript shows a traditional Muslim coffeehouse. 


ORIGIN OF THE COFFEEHOUSE 


An WMustration depects Edward Lloyd's Coffee House, established in the 17th century. 


he first coffeehouse in Europe appeared in Venice in 1645, after coffee came to Europe through 

trade with North Africa and Egypt. Edward Lloyd's Coffee House in London, established in the 

| Jate 17th century, was a meeting place for merchants and shipowners. Coffeehouses became forerun- 

ners of today’s pubs. They were the places where the public discussed political affairs and also gave 
rise to the liberal movement. 
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@ Starters: Meat Soup with Cabbage 
Take meat and cut it up as finely as possible. Take 


ripe cheese, the best you can obtain, cut it up, and 


throw on it an onion pounded with coriander 


Take tender “eyes” of cabbage, t 


il, then pound 
them with all of thar in a wooden mortar, and 


throw them in the pot, after boiling once or twice 


Add some murri, gor p pepper 


and ¢ r the contents of the pot with 


r sourdough] and cover with e 


@ Main meal: Mirkas with Presh Cheese 


Take some meat, « 


7 po 


cheese that is not toc 


earlier. Adc 


hould fall apart, and hail « piece of 
and some eggs, for it is what holds |r together, 
along with pepper, cloves, and dry ¢ 


Squeeze on it some mint juice and 


uice. Beat it all and stuff the 


nas, 


are tied with t 


h oil, and eat it i 


however you like 


03 THREE-COURSE MENU 


th century 


@ Main meal: Roast ina Tujine 
Take an entire side of a young, 
plump kid and place it in a large 


tajine [earthenware cooking dish 


with a still used in North Africa 


and leave it there 


put it in the on 


top is browned. Take it out, turn it 


the oven nd time until it is 


a 5a 


1 sides. Ta 


Tound pepp 


ood ar 


1m of the pan and nothing is lost in the 


fire, as 


r the roast in a tan 


t the roast on a spit 


nur [clay oven] 


7 Ssh well end add egg white. 


h of all the s 


Beat them until all is 


4 spoonful 


of vinegar, two of cilantre juice 


f onion juic 


i neq | pure tyr 


barley flour], 


pine nuts, six 


spoonfuls of oil and 


put wer & mot 


it has boiled 


several times, rnake the pounded [fsh] meat into 


the form of a fsh and insert int 


8 interior one 


if tw 


oiled eggs, and put it fully into the 


sauce while it is boiling Cut the remainder into 


s; take boiled egg yolks and cloak 


them with that rr Throw all that in the pot 
and when all is done, take the fish from the pot 


and the meat-cloaked yolks, and fry them in a 


ing 


n until browned. Then, cover the 


3 


. on 


of the pot with six eags, pounded almonds and 
breadcrumbs, and dot the pet (with yolks} 


@ Main meal: Roast Chickens 
Take youryy, fat chickens, clean and boil them in 
8 pot with water, salt and spices. Take them aut of 
the pot and pour the broth with the fat in a dish 
and add to it what has been said for the roast over 
coals Rub that onto the boiled chicken, arrange 
it on a spit and turn it over s moderate fire with 
@ continuous movement and baste it constantly, 
until # is ready and browneck then aprinkle it with 
‘ what remains of the sauce and serve. It tastes 
nicer than livestock meat. and ip more uniform. 
Other birds may be roasted the exact same way. 


@ Sweet: Tharda of the Emir 
Knead white flour well with water, a little oil and 
leavening yeast, making four thin raghifs [fat- 
bread, rolled our decidedly thinner than @ pita, 
lee a thin pancake), Fry them in a frying pan 
with much fresh oil, until they brown 
a little, Toke ther out of the oil and 
pound them well. From the rest 
of the dough make little hollow 

things on the pattern of mujab ~ 
bana [cheese pie], and make top 
crusts for them. Fry them in fresh 


oil, making sure they stay white and do not tum 
brown, fry the top crusts, too, Then, take peeled 
pistachios, almonds, and pine-nuts, and sufficient 
suger, pound them coarsely, spice them and 
knead them with sharp rosewster and mix with 
ground raghifs and stir until completely mized. 
Fill the hollow dumplings prepared earlier with 
that mix, and put on their covers, and proceed 
confident that they will not be overdone. Arrange 
them on a dish and put between them the rest af 
the filling and sprinkle them with sharp rosewa 
ter until the dish is full. Sprinkle with plenty of 
ground sugar and present jt. And \f some syrup 
of thickened, haneyed rosewater syrup is dripped 
on it, in will be good, God willing. 


@ Drink: Syrup of Pomegranates 
Take a ratl (S00 grams approximately) of sour 
pomegranates and another of sweet pomegran- 
ates arid add their juite to two rarle of sugar: cook 
all this until it reaches the consistency of syrup, 
and set it aside until needed, Its benefits: itis use 
ful in cases of fevers, cuts the thirst, alleviates bil 
ious fever and lightens the body gently. 
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y of mechanical clocks includes many 


ceived in the Muslim world from the 19th 


century on. BOTTOM, FRO he 


LEFT: Images de 


| evolution of measuring timefrom aundials, clepsydras 
| and water clocks, to weight-driven grandfather clocks 


and today’s digital watches 


Controlled Sinking 
of Perforated Bowl 


er 


An Indian as the 
| bow! fills with water it sinks to the 
bottom of the tank after a preset time 
| interval, depending on the weight 
and size of the bow! and size of the 
| hole. As it hits the bottom, it makes a 
thud and alerts the timekeeper, who 
lifts it to start the process again. 
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THE ELEPHANT CLOCK 


AL-JAZARI’S 
MECHANICAL MARVEL 


A Water-Powered Clock with a Multicultural Meaning 


tecacy: Al-jazari's greatest legacy is the application of the “crank and connecting-rod" 
system crucial to pumps and engines 


vocatiom: Diyarbakir, modern-day Turkey 
pare: Early 13th century 


inventor: Al-jazari, mechanical engineer 


ithout today’s accurate digital and mechanical clocks, the pace of modern life would seern 
W impossible, But more than 800 years ago, inventors were already developing sophisticated 
timekeeping devices to help keep track of when to pray, fast, celebrate Eid, or perform pilgrimage: 

The Elephant Clock was a masterpiece that celebrated the diversity of humankind. Its moving 
parts were autornated using an Indian-inspired water-powered timer. Combined with this were an 
Egyptian phoenix, Greek hydraulic technology, Chinese dragons, an Indian elephant, and mechan: 
ical figurines in Arabian dress, The clock cleverly reflected cultural and technological influences 
from across the world, from Spain to China. 

The clock’s inventor was the celebrated engineer Al-jazari, who was from southern Turkey 
He designed machines of all shapes and sizes, completing his Book of Knowledge of Ingenious 
Mechanical Devices in 1206. His crowning achievement was the combination of the crank wheel, 
connecting rod, and piston system, which converts rotational motion to 
linear motion—crucial to pumps, engines, and many other machines. But 
he was fascinated by every kind of mechanism, including in his book an 
automatic hand-washing machine and a mechanical musical band oper- 
ated by a camshaft. 

The Elephant Clock used as its timer a bowl that would slowly sink 
into a hidden water tank, a form of an Indian mechanism called ghatika. 
Many previous cultures had used water clocks —from the Egyptians to the 
Greeks, who marked passing time using the measurement of water flow 
ing into or out of a bowl. Their devices were called clepsydras, meaning 
“water thieves,” 

Every half hour the timer would set off a series of dramatic sounds and 
movements. A ball would roll fromm the top of the clock and turn an hour 
dial, while the scribe and his pen would revolve automatically to show the 
minutes past the hour. As it dropped down, the ball triggered the elephant 
driver's mallet to strike a cymbal 


® Thirteanth-century engineer Al-jazari designed his Elephant Clock to reflect 
influences from the nations ond cultures across Muslim civilization 
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pread all over the Muslim world. There wer 
&n illustration shows a Muslim and Christian play- 
tng chons in a tent, from King Alfonso X's agth-century 
Libros del Ajedrez 


tert: Abu Bakr al-Sulf’s Muntahab Kitab al-Shatranj 
es 
The Arabic reads, “The black is winning and it ts his turn 


depicts an early tenth-century chess table miniature. 


to play.” Scholars are not sure whether this was a game 
through correspondence or an instruction manual of how 
to play. CENTER AND RIGHT: Kempelen’s Iron Muslim 
“roboe™ of 1769 had a chess master inside the cabinet, who 
played skillfully and beat other master players of the day. 
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preading 
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“the Blackbird” 


{ new musik Apprecia 


fluence with one man, Ziryab, known as 


lodios 


bex me! voice 


ToP: An 28th-century manuscript on musical 
composition and rhythm shows a qitars, or guitar, 


from Tafhim al-maqamat by Kamani Khidir Aga. 
BOTTOM: Traditional musicians perform in Morocea. 


St. Sa 


Two musicians are depicted in Alfonso X's 13th-century 
Cantigas de Santa Maria. 


qited pupil of a 
t his talent and 
teacher's, 
nm to Andalusia 


ordoba 22 


s under the 


sliph ‘Al 
Here, Ziryab found 


1 al Rahman II, 


Imayyad caliph 


becoming 


the court ente 


His accomplishments are many ng 
establishing the world’s first re 
‘érdoba; teaching harmony and compositior 
introducing the Arab lute (al ) to Europe 
and adding the tring to it; repla 


ing the wooder 


from a vulture al theory 


completely t metrical and rhyth 
mical parameters 

Henri Terrasse, the French 20th-century hit 
torian, $3 the arrival of this onental 
Ziryab], a w of pleasure and luxunot 


blew through Cérdoba. Ar 
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art an unprecedented value” 


MILITARY MUSICAL BANDS 


he Ottoman State was the first Euro- 

Asian state to have a permanent military 
musical band. Founded in 1299, the famous 
Mehterhane military band followed the sultan 
on his expeditions. tt would arrive in the mid- 
die of battles to rouse the spirit of the soldiers 
while also terrifying the enemy. The janissary, 
an elite army, also had a band of six to nine 
members with instruments like drums (zuma), 
darinets, triangles, cymbals (zil), and kettle- 
drums of war (kés and naqqara). These were 
carried on the backs of camels. 

Europeans met the Janissary bands in peace 
and war. On various ambassadorial receptions 
it becarne fashionable to have Ottoman-Turk- 
ish instruments, the “Turquerie” fashion, in 
Europe. The Janissaries were defeated at the 
gates of Vienna in 1683 and left behind their 
musical instruments. This was an event that 
led to the rise of European military bands. Even 
Napoleon Bonaparte’s French military bands 
were equipped with Ottoman war musical 
instruments such as zil and the kettledrums. 
It is said that Napoleon's success in the battle 
of Austerlitz (1805) was due in part to the psy- 
chological impact of the noise of his fanfares 


A Janisary band of the Ottoman State 
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0 make water pour | 
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even hand you at 


PROPHET MUMAMM@AD 
An illustration from a manuseript shews AlJazari's 
NANEATED BY MUSLIM (NO, 131) 
wudhu, of washing, machine. 


included nasa] sprays, mouthwashes, and hand 


| Creams, and talked of perfumed sticks, rolled and 


pressed in 5 molds, a bit like today’s roll-on 


1 more in the Hos 


named medicated cosmetics 
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5 DeautilW, intricate Gesigns 
nds. With the spread of Islam, it 


also wrote 


f the Chemistry 
of Perfume and Distillations His book contained Prophet Muhamm s companions 


more than a hundred recipes for fragrant oils, salves, dyed their beards, whil decorated their 


mitations of hair like 


society women of ientists have found 


used these: later they became accessible to all henna to be a 3 
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the Crusaders. 


n the 1770s and 1780s, Brighton, 
England, was a blossoming beach 
resort and it was at this scene that Sake 
(Sheikh, but because of accents this 
became Sake) Dean Mahomed arrived. 
Sake Dean Mahomed was from 
a Muslim family in Patna, India, and 
in 1759 opened what was known as 
Mahomed’s Indian Vapour Baths on 
the Brighton seafront, the site of what 
is now the Queen's Hotel. These baths 
were similar to Turkish baths, but 
clients were placed in a flannel tent 
and received an Indian treatment of 
Sake Deon Mahomed opened the indian Vapor Baths on the champi (shampooing) or therapeutic 
Brighton seafront wn 1759. massage from a person whose hands 
came through slits in the flannel. This remarkable “vaporing” and shampooing bath led him to receive 
the ultimate accolade of being appointed "Shampooing Surgeon" to both George IV and William IV. 
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rinking Bull” robot 


thers 


~ Gl i 
: Chain 
Compartment A 
Plu 
Plug B — . 


Float 
Compartment B 
Compartment C 


ball is making a sound of contentment, Since no 
water is left in the bowl to keep the plug afloat, 
that particular plug closes, so only plug B is 
Open to empty compartment A, Compartment B 
empties via a small hole between B and C Airis 
allowed to flow freely from a hole on the side of 
compartment C 

Highly complex and mind-bending this must 
have kept people enthralled for hours. 

Another of the Banu Musa brothers’ trick 
devices was a flask with two spouts. Different- 
colored liquids were poured into each spout, but 
when it was time to pour, the "wrong" color came 
out of the “wrong” spout. Like the magician who 
can make orange juice come out of his elbow, the 
brothers had an even better, and simpler, intri- 
cate mechanism up their sleeves 

What they had done was to divide the jar into 
two vertically, with each section totally separate 
from the other, Liquid came into the right side from 
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Head 
(Compartment A) 


a\ 
Compartment A —— \} 
Pipe (B to A) 


HOME: TRICK DEVICES 


"A joke is nota thing but a process, 
a trick you play on the listener's 
mind. You start him off toward 
a plausible goal, and then by 
a sudden twist you land him 
nowhere at all or just where 
he didn't expect to go.” 


MAN LASTOAN, AMERICAN WITTER 


the right funnel and into the left side by the left fun- 
nel but it could not leave this way. Instead, another 
pipe had been inserted for the outflow, Of course 
people observing could not see any of this and 
although it was simple, the trick still had impact 
and amazed them The brothers” imagination for 
fun also moved into designing fountains. Take a 
look at the Fountains section in the Town chapter 


Head 


(Compartment B) 


Compartment B 
Pipe (A to 8) 


Division 


An illustration shows the inside of the Banu Musa brothers" game "Flask with Two Spouts.” The device amazed all 
those who observed the trick developed by the inventive brothers. 
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you could not 


your eyes anc 
Some ancient Greek scholars 
i 


The first maintained that rays Came out trom our 


eyes, a bit like laser technology today, and these 


$ in our vision. So, 


of 


rays were cut off by the objec 


1 the moven 


sight was carried out thro 


the rays 
The 


om the eye to the object 


cond idea said that we see because 


something is entering our eye that represents 


the object. Aristotle. Galen, and th follow 


believed in this model, bu theones were 
speculation and not backed up by experiments. 
Ninth-century polymath Al-Kindi first laid down 
the foundations of modern-day optics by question 
ing the Greek theories of vision. He said that how 


we see, our visual cone, is formed of discrete 


tays as Euclid had said, but appeared as @ volume, 
in three dimensions, of continuous radiations 


Sixteenth-century Ite 


ematician Geronimo Cardan 
was “one of the twelve giant r 


because he discussed sight wi 


mirro nity amie iri a straight 


the effect of 


ngle on sight—includ 
ing optical illusions Al-Kindi wrote two treatises 


on geometrical and physiological ties, which 


were used by Engl 
and German physicist Wit 


century. Accordi o Sebastian V 


century Danish scholar, “Roger Ba 1erely 


counted al-Kindi one of the masters of persp 


tive but in his own Perspective he and others in 


his field referred rep 
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o9 VISION AND CAMERAS 


Did you think that if you shut 
uld see you? 


than conventional ideas of sight 


e see? 


» anyone, then no one co 


of two main theories, 


stury, who eventually explained 


in the tenth « 


that vision was made possible because of the 


refraction of light rays Die 


nguished 2oth- 


century science historian George Sarton said 


that the leap forward made in optical science 


was due to Ibn al-Haytharn’s work, which scien 


tiheally explained much of t we know today 


about opt! 


Fhe anatomy of the eye by 13th-century Kamal al-Din 
al-Fartst is based on Jbn al-Haytham’s ideas. The 
Arabic text refers ta the role of the brain in interpreting 
the image on the retina of the eye, 


In fact, a tenth-century physicist, Ibn Sahl 
from Baghdad, had worked on light refraction 
by lenses before Ibn al'Haytham, although we 
are not sure that [bn al-Haytham knew of Ibn 
Sahl's work. Al-Hasan Ibn al-Haytham, usually 
called just Ibn al-Haytham and also known in the 
West as Alhazen, carried out meticulous experi 
ments a thousand years ago, which enabled him 
to provide the scie 


¢ explanation that vision 
was caused by light reflecting off an object and 
entering the eye. Alhazen was the first to totally 
reject the theories of the Greeks, 


"He, Ibn al-Haytham, was the 
greatest Muslim physicist and 
student of optics of all times. 
Whether it be in England or far away 
Persia, all drank from the same 
fountain. He exerted a great 
influence on European thought 
from Bacon to Kepler,” 


GEORGE SARTONW IN HES AISTORT OF SCIENCE 


Born in Basra, fraq, he moved to Egypt on the 
invitation of its ruler to help reduce the effects 
of the Nile’s flooding, and was the first to com 
bine the “mathematical” approach of Euclid and 
Ptolemy with the “physical” principle favored by 
natural philosophers, Ibn al-Haytham said, "The 
knowledge of optics demands a combination of 
physical and mathematica! study” 

He was. also a mathematician, astronomer, phy 
sician, and chemist, but it is his Book of Optics 
that has formed the foundations for the science 
of optics. Generally known as Magnum Opus, it 
discussed the nature of light, the physiology and 
mechanism of sight, the structure and anatomy of 
the eye, reflection and refraction, and catoptries 


1OML: VISION AND CAMERAS 


This frontisptece is from the 1$72 Latin edition of Book 
of Optics by Alhazen, the Western name for Al-Hosan 
Ibn al-Haytham. 


Ibn al-Haytham also studied lenses, exper) 
menting with different mirrors: flat, spherical, 
parabolic, cylindrical, concave, and convex. He 
also treated the eye as a dioptric system, by 
He bril- 
liantly investigated the phenomenon of atmo 


applying the geometry of refraction to 


spheric refraction, calculating the height of the 
atmosphere to be 16 kilometers (20 miles). This 
compares well with modern measurements of 
the troposphere, the lowest layer of the atmo 
sphere, which measures 11 kilometers (7 miles) 
Ibn al-Haytham used experimental evidence 
to check his theories. This was unusual for his 
time because physics had until then been more 
like philosophy, without experiment. He was the 


first to introduce expenmental evidence as a 


requirement for accepting a theory, and his Book 


of Optics was actually ¢ critique of Ptolemy's 
book Almagest. A thousand years later, this book 
of optics is still quoted by professors training 
research students to be factual Some science 
historians believe that Snell's law, in optics, actu- 
ally comes from the work of Ibn Sahl 


CAMERA OBSCURA 


lal N EW Vi EW OF V ISION “Light issues in all directions opposite any body that is illumi 


course, also opposite any self-lumi 


. vated with any light [and of 
How One Man's Imprisonment Led to the Discovery of How We See i Y fight (and o 


nous body] 


re when the eye is opposite a visible object 


t, light comes 


rol } ) Ly c 
ind the object is iluminated with ight of any so 


tecacy, Ibn al-Haytham overturned the ancient idea that our eyes 
emit rays to make object to the surface of the eye from the light of the visible object. 
Cairo, Egypt 
LOCATON *8yP TH-CENTURY IBN AL-HAYTHAM FROM HIS BOOK OF OPTICS 
pate: vith « 


xey prcure: Ibn al-Haytham 


do we see? Arguments over this question went on between ancient Greek scholars 


H 


entered the eyes to represent an object 
Ibn al-Haytham was born in Basra, Iraq, in 965. In his lifetime, he completely changed our 


centuries. Some said rays carne out of our eyes, while others thought something 


understanding of light and vision—although he paid a high price for his scientific honesty 
The story goes that ibn al-Haytham was summoned to Cairo by the ruling caliph, to see 
f he could help to control the Nile’s unpredictable floods. Confident of his own abilities, Ibn 
al-Haytham boasted that he would tame the great river by building a darn and reservoir. But 
when he saw the extent of the challenge he had taken on, he realized it was impossible. 
To avoid the caliph’s wrath at his failure, Ibn al-Haytham decided to pretend to be mad 
and so, for his own protection, the caliph placed him under house arrest. It was while impris 


oned that Ibn al-Haytham made the discovery for which he is best remembered 

One day, he saw light shining through a pinhole into his darkened room, Projecting an 
image of the world outside onto the opposite wall. At the time, people believed the ancient 
view that our eyes see by sending out invisible rays. But Ibn al-Haytham realized that we see 
because light rays emitted from visible objects actually enter our eyes 


By experimenting with a dark room “camera obscura" he showed that the light enters our 
eyes in the shape of a geometric cone of vision. He also conducted experiments with lenses 
and mirrors. He laid out his new ideas about light and vision in the Book of Optics, written 
between 1011 and 1021 

| Ibn al-Haytham realized that the senses were prone to error, and he devised scientific meth 
ods of verification, testing, and experimentation to uncover the truth about the natural phenom 


ena he saw. Like many people before and since, Ibn al-Haytham wondered 
why the moon looks so big when it is low in the sky. Previously, scholars 
had thought it was an effect caused by the atmosphere. ibn al-Haytham, 
however, was the first to state correctly that it is just an optical illu 


sion—and scientists still are not quite sure why this happens. 
Later, Karnal al-Din al-Farisi, a Persian mathematician born 
around 1260, built on Ibn al-Haytham’s work. In an atternpt to 


zh a tiny hole into a darkened room, projecting an image onto the opposite wall in this 


@ Light shines throu 
explain the colors of the rainbow, Al-Farisi experimented with a artist's re-creation of Ibn al-Haytham's camera obscura. 


glass sphere filled with water as a model of a raindrop to show that 
sunlight is bent twice through a water droplet 
Ibn al-Haytham's search for 


evidence set the scene for the develop Many of his works, including the huge Book of Optics, were translated into Latin, and 
] ment of experimental science and the rational approach of later scholars among those influenced by his work and methods were Roger Bacon, Leonardo da Vinci, 
and johannes Kepler Today, many modern inventions rely on the accurate understanding 


in rar foundat: 4 rs n, the foundations of which Ibn al-Haytham more than a thousand 
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Ziryab, the musician and etiquette teacher. was 


also a trendsetter and style icon in ninth-century 
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later of Ziryab, “He introduced winter 


and summier dresses, setting exactly the dates 


when each fashion was to be worn. He also added 


dresses of half season for intervals between sea- 


sons. Through hirn Juxurious dresses of the Ori 


ent were introduced in Spain, Under his influence 


n industry was set up, producing colored 
striped fabric and coats of transparent fabric, 
which ts still found in Morocco today.” 
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‘arpets are draped over ¢ 


mfart for the rider. They al: 


for storing provisions. 


Mualim carpets are known for their rich colors and 
geometric patterns. 


produced in Chinchilla and Murcia, both now in 
Spain. and were exported all over the world. 

Paintings made in the late medieval period 
show'us how and where carpets were used and what 
people thought of them. In 14th- and isth-century 
Europe, they were first used in Christian religious 
paintings. The 17th century saw decorative carpets 
covering tabletops and their bases Cupboard and 
window carpets also made an appearance 

Belgian artists were also inspired Van Eyck’s 
painting “Virgin and Child with St. Donatian, 
St George, and Canon Van der Paele,* which he 
painted in 1496 at Bruges, shows the Virgin Mary 
seated on a carpet with geometrical shapes, mainly 
circles, drawn around rosettes combined wath loz- 
enges and eight-painted star motifs, 

Muslim carpets were so highly prized that « 
Victoria and Albert Museum publication quotes a 
chapter in 16th-century Hakluyt’s Voyages which 
talks of a plan to import Persian carpet makers into 
England. It says: “In Persia you shall find carpets af 
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Tn Persia you shall find ¢ 
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the Dest of the world. 
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course thrummed wool, the best of the world, and 
excellently coloured: those cities and towns you 
must repair to, and you must use means to learn 
all the onder of the dyeing of those thrums, which 
are so dyed as neither rain, wine, nor yet vinegar 
can stain... If before you return you could procure 
a singular good workman in the art of Turkish car- 
pet making, you should bring the art into the Realm 
and also thereby increase work to your company” 

Besides the Ottoman/Turkish carpet, no other 
carpet reached the status and popularity of the Per 
sian carpet, which became a state enterprise in the 
Safavids' reign. These rulers developed trade rela- 
tions with Europe under Shah Abbas I (15871623), 
and their export and the silk trade became the main 
sources of income and wealth for the Safavid state 

Carpet making was a huge industry, and man 
ufacturers received orders from across Europe. 
Persian craftsmen from ‘Tabriz, Kashan, Isfahan, 
and Kerman produced eyedazzling and mes- 
merizing designs 

Bur by the early 19th century the carpet industry 
started to decline, partly due to historical events and 
confliers, which lest Persia its stability and security, 
but also becmuse Europeans had begun manufac 
turing their own carpets in the 18th century. 

The fret production of imitated Muslim carpets 
in Europe was under English patrons. The Royal 
Society of Arts promoted the establishment of 
successful carpet manufacturing “on the Principle 
of Turkish Carpets” through subsidies and awards 
Between 1757 and 1759, the society gave £150 as 
awards for the best “imitated” Turkish carpets. 

Today, the fame of the Aying carpet of “Al'a 
al-Din continues in films and stories, and 
Berber carpets from North Africa are once again 
increasing in popularity: 


Loree 


A 
ay 
283 


uk 


A, 
iss 


: 


CHAPTER THREE 


“What is learnt in youth is 
carved in stone.” 
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SCHOOL 


SCHOOLS * UNIVERSITIES * HOUSE OF WISDOM * LIBRARIES AND 
BOOKSHOPS * TRANSLATING KNOWLEDGE * MATHEMATICS 
TRIGONOMETRY * CHEMISTRY * COMMERCIAL CHEMISTRY * GEOMETRY 
ART AND THE ARABESQUE * THE SCRIBE * WORD POWER 


THIS CHAPTER REVEALS THAT WHICH MAKES ALL CIVILIZATIONS GREAT: EDUCATION, 
learning, and applying knowledge for a practical outcome such as bettering society. 
School is one of the institutions we learn in, and the medieval Muslims excelled in learn- 
ing, from the primary-level mosque schools through to universities and the illustrious 
House of Wisdom, an intellectual academy in ninth-century Baghdad. 


The ethos of learning was a culture where inquiring minds searched for truth based on sci- 
entific rigor and experimentation, where opinion and speculation were cast out as unwor- 
thy pupils. This system of learning embodied by medieval Islam formed the foundation 
from which came exceptional inventions and discoveries. 


Here you will discover how a thousand-year-old chemical process helped form many of 
today’s global industries; where the word “chairperson” came from; the origins of admiral, 
tabby, and sofa; as well as read that the 18th-century story of Robinson Crusoe was not the 
first tale of a person stranded on an island. 


oppostTe: Layla and Majnun, characters in a classical Islamic lave story, are shown at school in a 1sth-century Persian manuscript 


64 


— — SSS ss 
ror M ] ace er 1 Y 
{ lear t ing between therr 
iin: I ’ hooli Anywhers 
a Im i oF truct 
l 1 e alse r ichers ¢ 1 ira t 
Ara r I 
1 f knowledge 


Young students attend an elementary Islamic school in 
Laem Pho, Thailand 


Like many Muslim | 


structed with no ex 


A s schools developed, they could be divided 
into four categories depending on what 
they taught and at what level, These were regu- 
lar schools, high schools or houses of readers, 
houses of hadiths, and medical schools. 

Regular schools taught general subjects 
and were the equivalent of primary schools. 
Students left with a primary level certificate so 
they could enter high schools. Regular schools 
were the most common, found in every village. 

Oar-al-Qurra’, or the house of readers, was 
2 high school that taught proficiency in Ara- 
bic, and in reading and reciting the Quran. 
The school also trained imams and muezzins. 

Dar-al-Hadith, or the house of hadith, 
specialized in teaching and researching the 
hadith, the sayings of Prophet Muhammad. 
Graduates from this school were awarded 
the equivalent to a university degree so they 
could work at religious institutions. 

The first school dedicated solely to the teach- 
ing of medicine was founded in Damascus in 
1231, Before this, medical teaching was carried 
out in hospitals and through apprenticeships. 
Medical schools were not widely established 
until the 16th century, during the reign of Suley- 
man the Magnificent, the Ottoman sultan. 


A school in Baghdad, Iraq, in 1890 
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rapid growth of their civilization 


Education was 
universally diffused that 
it was said to be difficult 

to find a Muslim 


who could not read or write,” 
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A tone of the most southerly points of the Muslim lands was the Uni- 
versity of Sankore, in Timbuktu, and it was the intellectual institution 
of Mali, Ghana, and Songhay. 

It developed out of the Sankore Mosque, founded in 989 by the eru- 
dite chief judge of Timbuktu, Al-Qadi Agib ibn Mahmud ibn Umar. The 
inner court of the mosque was in the exact dimension of the Ka'bah in holy 
Mecca. A wealthy Mandika lady then financed Sankore University, making it 
a leading center of education. It prospered and by the 12th century, student 
numbers were at 25,000, an enormous ammount in a city of 100,000 people. 

The university had several independent colleges, each run by a sin- 
gle master. Subjects included the Quran, Islamic studies, law, literature, 
medicine and surgery, astronomy, mathematics, physics, chemistry, phi- 
losophy, language and linguistics, geography, history, and art. 

It was not all cerebral, as the students also spent time learning a trade, the 
business code, and ethics. These trade shops offered classes in business, car- 
penitry, farming, fishing, construction, shoemaking, tailoring, and navigation. 

The highest “superior™ degree, equivalent to a Ph.D., took about ten 
years, and produced world-class scholars who were recognized by their 

Prayer mats lie in the publications and for their erudition. The Ph.D. thesis was called Risaleh 
courtyard of Sankore Mosque (\iterally meaning “letter"), and those graduating with this degree were 

eater eee) named Ayatullah, as they still are in the theological Shiite centers Qum 
(tran) and Najaf (Oraq). 
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B.S, MACKENSEN, A CONTEMPORARY EUROPEAN HISTORIAN 
OF ISLAMIC LIBHAMIANSHIP 


At the Zaytuna Mosque in Tunisia, there were 
manuscripts on grammar, logic, documentation, 


the etiquette of research, cosmology, arithmetic 


geometry, minerals, and vocational training, At 
the Tunisian Qayrawan’s Atiga Library, there was 


an Arabic transiation of the History of Ancient 


>t. Jerome before 420. 


Nations written by 

Courses were difficult, and medicine was par 
ticularly grueling, as in universities today, with the 
department of medicine having a hard and 


examination. Anything 


that person could not practice r 


The stude aw went through undergradu 


ate training and, if they were successful, were cho 


sen by thet ster as a fellow. Only then could 


they go on to graduate studies, which lasted an 


indefinite period of time. It could be up to 20 years 


before they acquired their own 


The law ent had to get a certificate 


and a license 


practicing 


These certihcates, known as ij 


origin of the word “ 


imiversity 


Arabic phrase that the Muslims used. Bi-hagg al 
nwayah meant “the right to teach on the author 
ity of another” and this phrase was used in the 
degree certificates, jazas, for six centuries, When 


udent graduated he was given this license, and 


a 
it literally meant he now had "the night to teach” 


Now the International Baccalaureate is a quali 
fication for students to prepare them for universi- 


ties anywhere in the world 


ow did the tradition arise of awarding a 
H professor a “chair,” or addressing the 
person in charge of a meeting as “chair”? In 
schools and universities more than a thousand 
years ago, you would have seen a study circle 
or a Halagat al-‘ilm or halaga gathered around 
a professor who was seated on a high chair to — 
make him visible and audible to the students. — 
The professor would have been either chosen by 
the caliph or by a committee of scholars—and 
once a professor was appointed by the caliph 
to a chair in one of the main mosques or Jami’, 
he usually held it for the remainder of his life. 
Cases of lengthy tenure are frequent, like Abu 
‘Ali al-Kattani, who was in his 80s when he died 
in 1061 after occupying his chair for 50 years. 


A lecturer uts in 0 chair, of minbar, while 
Biving o sermon at a mosque. 
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city was the site of the House of Wisdom. 


from Latin The Book of Animals by Aristotle, 
which was in 19 chapters. Hunayn ibn Ishaq was 
also a renowned translator of the books by Greek 
physicians Hippocrates and Galen. 

It is said that Caliph AlMa'mun wrote to 
the king of Sicily asking him for the entire con- 
tents of the Library of Sicily, which was rich in 
philosophical and scientific books. The king 
responded positively to the ¢aliph by sending 
him copies from the Sicilian library. 

The transportation of books varied. Without 
the availability of modern planes, it is said that 
Alb-Ma'mun used a hundred camels to carry hand- 
written books and manuscripts from Khurasan in 
Iran to Baghdad 

The Byzantine emperor was also approached 
because Al-Ma'mun wanted to send some of his 
Scientists to translate the useful books that were 
stored in his domain. The emperor agreed and 
the scientists went, also charged with bringing 
back any books of the Greek intellectuals. 

Caliph Al-Ma'mun not only steered the organiza: 
ion of the House of Wisdom, but also participated 
with the scientists and scholars in their discussions, 
He built an astronomy center called Marsad Fal: 
aki, which was cun by his personal astronomers, a 
Jew named Sanad ibn Ali al-Yahudi and s Muslim 
tiarmed Yahya ibn Abi Mansur. 

Al-Ma'mun took after his father in establish: 
ing many higher institutes, observatories, and 
factories for textiles {t is said that the nurnber of 
higher institutes during his reign reached 332 

He also apparently asked a group of wise men 
to prepare a map of the world for him, which they 
did. This was known as “al\Ma'mun’s map,” or 
al-surah al-ma'muniyah, which expanded upon 
those that were available during the lifetime of 
Ptolemy and other Greek geographers. 

Among the House of Wisdom’s luminaries of 
the time were the Banu Musa brothers, Muham: 
mad, Ahmed, and Al-Hasan, known as mathemuati- 
¢lans and inventors of trick devices; Al-Khwanzmi, 


the “father” of algebra; Al-Kindi, inventor of decryp: 
tion and musical theory; Sa‘id ibn: Harun al-Katib, 
a scribe: Hunayn ibn [shag abThad|, physician and 
translator, and his son Ishaq, These names appear 
time and time again throughout this book because 
these individuals were researching discovering and 
building a vast edifice of knowledge, based on real 
experiments, which has provided a firm bedrock for 
much of what we know today. 

However, we must distinguish between the 
Abbasid House of Wisdom above and the Fatimid 
House of Wisdom (Dar al-Hikmah), which was 
established in Cairo in 1005 by the Caliph Ab 
Hakim and lasted for 165 years. Other cities in the 
gastem provinces of the Islamic world also estab- 
lished Houses of Science (Dar al‘Tlm), ot mone 
accurately Houses of Knowledge, in the ninth and 
tenth centuries to emulate that of Baghdad. 


Ate settiaparledin banat 
"'s Guardian newspaper in Septem 
ber 2004: “The House of Wisdom was an 
unrivalled centre for the study of humanities 
and for sciences, including mathematics, 
astronomy, medicine, chemistry, zoology 
and geography . . . Drawing on Persian, 
indian and Greek texts—Aristotle, Plato, 
Hippocrates, Euclid, Pythagoras and oth- 
ers—the scholars accumulated the greatest 
collection of knowledge in the world, and 
ae eee 


HOUSE OF WISDOM 


AN INTELLECTUAL 
POWERHOUSE 


Baghdad's World-Class Academy That Attracted Scholars 
from Far and Wide 


tacacr: Contributed to algebra; and translations of medical 
philosophical, and mathematical works 
cocaTion; Baghdad, Iraq 
cate: Founded in the early ninth century 


«ay cure: Caliph Al-Ma'mun, building on his father's foundation 


ys Viernes years ago, Baghdad was one of the world's biggest and richest cities. But its 
wealth went far beyond money. For more than two centuries, it was home to the House 
of Wisdom, an academy of knowledge that attracted scholars from far and wide. From math 
ematics and astronomy to zoology, the academy was a major center of research, thought, and 
debate in Muslim civilization—the intellectual powerhouse of its day 

Scholars at the academy could draw on a vast collection of scientific, medical, and phil- 
osophical books. The caliphs who established the House of Wisdom assembled a world- 
class library that included the writings of many ancient civilizations. Caliph Harun al-Rashid 
who reigned from the year 786, founded the library with manuscripts collected by his father 
and grandfather. Three decades later, the collection had grown so large that his son, Caliph 
Al-Ma’mun, built extensions to house different branches of knowledge. Later, he added 
humerous other study centers to allow more scholars to pursue their research, and an 

observatory in the year 829 


~«~ 
@ £ A wide range of languages including Arabic, Persian, 
w 


Aramaic, and Greek were spoken and read in the House 


> of Wisdom. Experts constantly worked to translate 
the old writings into Arabic to allow the scholars 


f . £ to understand, debate, and build on them. Among 

2 @ : a the academy’s leading lights were Al-Kindi, who 
“yi a 
ss 


eK commissioned the translation of Aristotle, and 
Hunayn ibn Ishaq, who translated Hippocrates 
we - « Caliph Al-Ma'mun is said to have encour 
aged translators and scholars to add 
to the library in the House of Wisdom 
by paying them the weight of each 

completed book in gold. 


This successful knowledge trans 


fer was mirrored years later in 


v2th-century Spain, At that time, Toledo was the focus of 
another huge translation effort—this time from Arabic 
into Latin. Arabic works and translations of important 
ancient Greek texts came to light, and Christian, jewish, 
and Muslim scholars flocked to the city, Together they 
worked to translate the writings of ancient Greece and 
the original Arabic treatises into Latin and then into 
European languages. Here, and elsewhere in southern 
Europe, some of Aristotle’s works were translated from Arabic 
into Latin by Michael the Scot. Gerard of Cremona made transla- 
tions of Al-Zahrawi’s medical encyclopedia and Al-Razi’s chemical writing 

Today, the advances made by scholars in the House of Wisdom are still having an impact. 
The word “algebra” comes from the title of the book Al-jabr wal Mugabalah by the scholar Al- 
Khwarizmi. He put algebra on a secure footing in the early ninth century while working in the 
House of Wisdom. Al-Khwarizmi's successor, Al-Karaji, developed and refined these ideas, 
eventually starting an algebraic tradition that thrived for hundreds of years. These scholars 
and others developed the basis of abstract mathematical thought on which much of modern- 
day computing relies 

The vision of Caliph Al-Ma’mun, and ir v . 
his intellectual legacy are clear—and his “ Mh © 
name lives on, too, through a lunar crater as 


named “Almanon." 


@ opposrre ano THIS Pact: People from all over 
the Muslim world flocked to the House of 
Wisdom, the intellectual powerhouse of ninth 
century Baghdad. The illustrations depict 
scholars, both male and female and of many 
faiths, who came from for and wide to study 
various scientific disciplines at the academy. 
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“The book is silent 


as long as you need silence, 
eloquent whenever 
you want discourse. 
It never interrupts you 
if you are engaged, bur if 
you feel lonely it will 
bea good companion 
It is. a friend who never 
deceives or flatters you, 
and it is a companion 
who does nor grow tired of you.” 


AL“JAMIZ, MULLIM PHELOSOPHER AND MAN OF LITERATUNE, 
GNI CENTURY, BASRA, MAG 


scholars from all parts of the Muslim world. The 
books or manuscripts in them were of various 
sizes, containing good quality paper with writing 
on both sides, and bound in leather covers. 

Public book collections were so widespread 
that it was impossible to find a mosque, the place 
of learning, without a collection of books. Before 
the Mongols decimated Baghdad in 1258, it had 
96 libraries and more than a hundred book deal 
ers, some of whom were also publishers, employ- 
ing a corps of copyists There were similar 
jibraries in Cairo, Aleppo, and in major cities of 
Iran, Central Asia, and Mesopotamia 

Mosque libraries were called der al-burub, or the 
House of Books, and they were the focus of intel 
lectual sctivity. Here writers end scholars dictated 
the results of their studies to mixed audiences of 
young people, other scholars, and interested lay- 
men, Anyone and everyone could take part in the 
discussions. Professional warrags (nussakh), or 
seribes, then copied and turned them inte books. 
Even when the books were specially commis- 
sioned, they would still be published in this way. 


Aleppo in Syria probably had the largest and 
oldest mosque library, called the Sayfa, at the 
city’s grand Umayyad Mosque, with a collection of 
10,000 volumes. These were reportedly bequeathed 
bythe city’s most famous ruler, Prince Sayt al-Dawla 

The Sayfiya was the oldest and largest, but the 
library at the Zaytuna Mosque college complex 
in Tunis was possibly the richest of all. Ir had tens 
of thousands of books, and it is said that most 
rulers of the Hafsid dynasty competed with each 
other for the prestige associated with maintain 
ing and strengthening this library. At one point, 
the collection exceeded 100,000 volumes. 

AlJahiz. an eighth-century Muslim philoso 
pher and man of literature, returned to his home 
in Basra after spending more than 50 years in 
Baghdad studying and writing about 200 books 
These ineluded a seven-volume Book of Animals, 
which had observations on the social organiza 
tion of ants, communication between snimels, 
and the effects of diet and environment. Other 
books were The Art of Keeping One's Mouth Shut 
and Against Civil Servants. He died an appropri 
ate death in his private library in 868, at the age 
of 92, when a pile of books fell on him. 

When book lovers died, it was 2 tradition that 
they would donate their collected manuscripts, 
sometimes thousands of volumes, to the mosque 
libraries for all to enjoy. Historian Al Jaburi says 
that Nayls Khatun, a wealthy widow of Turk 
ish origin, founded 4 mosque in memory of her 
deceased husband, Murad Efandi, and attached a 
school and a library to it. Other books came from 


he Umayyad rulers of Spain had a library 

of 600,000 volumes in their huge Cér- 

doba library. So much better was the company 
of books for Al-Hakam II, caliph in Spain from 
| 961 to 978, that he said they were “a more — 


| consuming passion than his throne." : 
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traveling scholars as they showed their gratitude 
to mosques for giving them free accommoda 
tions, food, and stationery. 

Libraries could be grand affairs, In Shiraz, Iran, 
these tenthcentury complexes were described by 
the medieval histonan Al-Mugaddasi, as “buildings 
surrounded by gardens with lakes and waterways 
.. topped with domes, and comprised of an upper 
and a lower story with a total ,... of 960 rooms... In 
each department, catalogues were placed on a shelf 
..- the rooms were furnished with carpets” 

Some libraries, like those of Shiraz, Cér- 
doba, and Cairo, were in buildings separate 
from the mosque. They were spacious, with 
many rooms for different uses: shelved galler- 
ies to store books, reading rooms, rooms for 
making copies of manuseripts, and rooms for 
literary assemblies. All these were adequately 
lit and comfortable, with carpets, mats, and 
seating cushions. 

Like libraries today, those of a thousand years 
ago were highly ordered, with both public and 
private libraries having book classification sys- 
tems, and accurate cataloguing to help readers. 
Librarians also had control over the quality and 
quantity of their resources. 

In 1050, the book collection of Al-Azhar library 
in Cairo had more than 120,000 volumes recorded 
in 8 60-volume catalog totaling about 3.500 pages. 
In Spain, the catalog for the works in AlHakam's 
library was alleged to have consisted of 44 volumes. 

Librarians were appointed to take charge and 
this was an honored position, only for the most 
learned’ Only those “of unusual attainment” were 
considered as custodians of the libraries, the quard- 
ians and protectors of knowledge The manage 
ment of the libraries of the Almohad dynasty, the 
rulers in North Africa in the 12th and 13th centuries, 
was one of the most privileged state positions. 

All these libraries were the holders of vital 
knowledge and as Ralph Waldo Einerson, a 19th- 
century American writer, said: “Consider what you 
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“There can be no education 
without books,” 


ARABIC PROVERG 


have in the srnallest chosen library. A company of 
the wisest and wittiest men that could be picked 
out of all civil countries, ina thousand years, have 
set in best order the results of their learning and 
wisdom .. . [it] is here written out in transparent 
words to us, the strangers of another age” 
Bookshops, too, had their place in sharing 


knowledge. The (celabrsted | hoolatien of isa 


al-Nadim, the tenthcentury bibliophile and 
bookseller, was said to be on an upper story of 
a large building where buyers came to examine 
manuscripts, enjoy refreshments, and exchange 
ideas, In the Muslim world, » thousand years 
ago, there were bookshops containing hun- 
dreds of titles as well ss massive public and pri- 
vate libraries. 

With paper, warag in Arabic, came the profes- 
sion of Warrag, The title Warraq has been used 
for paper dealers, writers, translators, copiers, 
booksellers, librarians, and illuminators, The pro- 
fession of the Warrageen is generally believed to 
have started shortly after the introduction of the 
art of papermaking into the Muslim world from 
China, Baghdad was probably the first major city 
where the warraqi bookshops first appeared, and 
as the manufacture of paper spread, the num- 
ber of these bookshops increased dramatically 
throughout the Muslim world. 

Kutubiyun is a Moroccan name for bookbind- 
ers or book merchants who set up their bookshops 
and libraries, copyists and scribes in a district of 
iath-century Marrakech, Morocco. This district 
was a street with a hundred bookshops and librar- 
jes, §0 on each side Such activity reached its 

“zenith during the reign of Yaqub al-Mansur, who 
constantly encouraged the spread of book print: 
ing and promoted general reading activity. 


A 2gth-century manuscript of Maqamat al-Harirt shows the public library of Hulwan in Baghdad. 
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world through observation and rational thought. Bath 
nen are shown on the front of Johannes Hevelius’s 
Selenographia, a 1647 description of the moon. 
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A contemporary photo shows Toledo, Spain. In the 12th 
century, Muslim Toledo hosted people of at least three 
religions—Muslims, Jews, and Christians. They lived and 
worked side by side. This melting pot of people and ideas 
attracted scholars and translators from East and West 
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A 1983 commemorative stamp issued by the former Sovier 
Union depicts Al-Khwarizmt, the “father of algebra.” 
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The algebra studied today in school has as its basis 
Al-Khwartzmt's book Algebr wal Muqubals. 


a complete classification of cubic equations, with 
geometric solutions found by means of inter- 


secting conic sections. He hoped to give a full 


description of the algebraic solution of cubic 
equations and said: "If the opportunity arises and 
I can succeed, | shall give all thene 14 forms with 
all their branches and cases, and how to distin 


that 


guish whatever is possible or impossible sc 
a paper, containing elements which are greatly 
useful in this art, will be prepared” 

In the mid-izth century, while Al'Samawal was 
studying in Al-Karaji's school, Sharaf al-Din al 
Tusi was following Al-Khayyam’s applicanon of 
algebra to geometry, He wrote a treatise on cubic 
equations, and in it said that algebra “represents 
an essential contribution to another field, which 
aimed to study curves by means of equations,” 
thus inaugurating the field of algebraic geametry. 

Algebra is only one area where Muslim math 
ematicians significantly changed the courte of 
development. In ninthcentury Baghdad, in the 
House of Wisdom, was a group of three brothers 
called the Banu Musa brothers. You can reed more 
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about them in the Home chapter and how they 
developed their trick devi 


es, They were gifted 


mathematicians, and c f their students was 


Thatit ibn Qurra, who was bom in $36. He is prob- 
ably best known for his contribution te number 


theory, where he discovered a beautiful theorem 


allowing pairs of amicable numbers to be found 
This term refers to two numbers such that each is 
the eum of the proper divisors of the other 
Amicable numbers played a large role in 
Asabic matherr 


cs, and in the rath-century Al: 


Farisi gave new proof of Thabit’s theorem, intro 
ducing important ideas concerning factorization 
and combinatorial methods. He also discovered 


the pair o = numbers 77.298 and 18416, 


which have been attributed to Euler, an 18th 


century Swiss mathematician. And many years 


before Euler. another Muslim mathematician, 
Muhammed Bagir Yazcli, in the 17th century dis: 
covered the pair of amicable numbers 9,96¢.584 
and 9.437056 


2 way as te arithmet 


operates on the known. 


AL-SAMAWAL, MATHEMATICUN AND ASTRONOMER 


Muslim mathernaticians excelled in the tenth 
century in yet another area when Ibn al-Haytham 
was the first to attempt to classify all even per 
fect numbers (numbers equal to the sum of their 


proper divisors), such as those of the form 2 (21) 


where 21 is prime He was also the &rst person 


that we know of to state Wilson's theorem. namely 


that if p is prime, then the polynomial 1+(p-1)! is 
lear whether he knew 
led W 


because its “discovery” is attributed to John 


divisible by p, but it is ui 


how to prove this. It is 5 theorem 


Wilson, a Cambridge mathematician in 1770, 
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But again, we da not know whether he could prove 
it or whether it was just a quess. It was s year later 
when a mathematician named Lagrange gave the 
first proof, 790 years after its “hrat discovery.” 

Mathematics was also needed in business and 
everyday use, and in particular it was essential 
in counting systems, Today, most of us are only 
sware of one counting system, which begins with 
zero and carries on into the billions and trillions 
But in tenth-century Muslim countries, there were 
three different types of arithmetic used, and by the 
end of the century, authors such as Al-Baghdadi 
were writing texts comparing them. These three 
systems were hngerreckoning arithmetic, the sex- 
agesimal system, and the Arabic numeral system. 

Fingerreckoning arithmetic came from count: 
ing on fingers with the numerals written entirely in 
words, and this was used by the business conwnu- 
nity. Mathematicians such as Abu al'Wafa’ in Bagh- 
dad in the tenth century wrote several treatises using 
this system. He was actually an expert in the use of 
Arabic numerals but said these “did not find applica- 
tion in business circles and among the population of 
the Easter Caliphate for a long tine.” The sexagesi- 
mal system had numerals derioted by letters of the 
Arabic alphabet. It came onginally from the Baby- 
lonians and was most frequently used by Arabic 
mathematicians in astronomical work. 

The anthmetic of the Arabic numerals and 
fractions with the decimal place-value system 
was developed from an Indian version. Muslims 
adapted the Indian numerals into the modem 
numbers, 3 to 9, known as Arabic numerals, They 
are believed to have been based on the number 
of angles each character carries, but the number 
7 creates a challenge, as the medial horizontal line 
crossing the vertical leg is a recent 19th century 
development. These have become the numerals 
we use in Europe and North Africa today, as dis- 
tinct from the Indian numerals that are still used 
in some eastern parts of the Muslim world. Num- 
ber 1, for example, has one angle numeral 2 has 
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two angles, 3 has three, and so on. The arrival of 
these numerals resolved the problems caused by 
Latin numerals in use until then. Arabic numer 
als were referred to a3 ghubari numerals because 


“Mathematics is the door and key 
of the sciences and things of this 
world... It is evident that if we want 
to come to certitude without doubt 
and to truth without error, we must 
place the foundations of knowledge 
in mathematics.” 


ROGEN BACON, LWOLISH SCHOLAR 


Muslims used dust (ghubar) boards when making 
calculations, rather than an abacus. 

A great refinement by Muslim mathematicians 
of the Indian system was the wider dehnition and 
application of zero, Muslims gave it » mathemati- 
cal property, such that zero multiplied by 2 num- 
ber equals zero. Previously zero defined a space 
ora “nothing” It was also used for decimalization, 
making it possible to know whether, for example, 
the writing down of 23 meant 230, 23, or 3,300, It is 
interesting to note that if we imagined the zero sit- 
ting inside a hexagon, the ratio of the diameter of 
the circle to the side of the hexagon would equal 
the golden ratio. To read more sbour the golden 
ratio see the Geometry section in this chapter 

Muslim scholars were also fascinated by the 
significance of some numbers such as the link of 
zero and one to the “One” as one of the 99 attri: 
butes of God. “nothing before Him and nothing 
after Him" It is interesting to note that the numer- 
als 0 and 1 are the only two digits used in the com- 
puter lanquage of today, 

* Arabic numerals came into Europe from three 
sources. Pirst, through Gerbert (Pope Sylvester f) 
an the late tenth century, who studied in Cordoba 
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and returned to Rome. Then through Robert of 


Chester in the lath century, who translated the 


second book of Al Khwarizmi’s, which contained 
Th 


6 into Europe is mentioned by 


the second ghubari (Arabic nume- 


ute 


of Arabic numeral 
contemporury historian Karl Menniger in Num 
ber Words and Number Symbols The third route 
was through Fibonacci in the 13th 


century, who 


inherited and delivered them to the population 


of Europe. Fibonacci ve meth 


when he was sent by his father to the city of Bou 


in, t0 learn mathernaric mm a teacher 


gie Ale 


called Sidi Omar, who ht the mathemat 


if the schools of Bagi 


ies 
included alge! 


Fibonacci also 


dria, Cairo, and Damascus, after which he wrote 
his beok Liber Abact. The first chapter deals w 
Arabic numera 


the following words, “The nine nw 


Indians are these: 987 With them, and with 


Arabi 


this sign ‘0,’ which lled cephirur 
{cipher}. any desired number can ten.” 
Tt was this system of caleulating with Arabic 


numerals that allowed most of the advances in 


Mus mathematicia 


numencal methoc 


¢ extraction of roots became possible by 


mathematicians such as Adu al-Wata’ and Umar 


a) Khe 


rem for integer exponents by Al-Karaji was a majo 


m. The discovery of the binomial thes 


factor in the develop t of numerical analysis 


based on the decimal system. In the 14th century, 
AbKashi contributed to the development of deci 


mal fractions, not only fo nating algebraic 


nurnbers has pi His 


ontribution imal fractions is so major that 


for many years he was considered their inv 


Although nor the first to do so, Al-Kashi gave an 


algorithm for calculating “nth nots” that is a particu 


de 


lar exarnple of methoe oped many centuries 


later by Rufini and Hom th-century mathema 


ticians from Italy and England respectively. 


ost weil 


ab mathematicians are ¢ 
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known for their work on algebra, number theory, 


y also made consider 


and number systems, 1 


able contributior netry, and 
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mathematical astronomy. 
Lert: An example of the Babylonian sexagesimal 
number system illustrates how the figure of 424,000 
was written, RIGHT: The progression of Arabic numerals 
from the tenth to the fourteenth centuries shows how the 
Muslims devised modern numerala—the numbers 1 to 9 
we use today~based on the use of angles. 
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07 TRIGONOMETRY 


he birth of trigonometry lies in astronomy, one of the sciences studied 


most vigorously by the Muslims, particularly due to its relevance in deter- 
mining the exact times of the ritual prayer. But even before the Muslims, 
Greek astronomers were calculating the unknown sides and angles of certain 
triangles, given the value of the remaining sides or angles, in order to under 


Motivated by questions such as the position of 
the sun, moon, and planets, the Greeks composed 
tables and rules that enabled geometric problems 
to be tackled The most thorough treatment of the 
subject is found in the work Almagest by Ptolemy, 
who was an astronomer working in Alexandria 
in the early part of the second century C8, Prob 
emy’s treatise reached European scholars via 
Muslim hands, who translated the original Greek 
title, which meant The Great Arrangement, into 
more succinct terms to produce Al-Mayistt, simply 
meaning The Greatest, 

Astronomers from late antiquity would draw 
principally upon a table found in Book I of 
Almagest, which was called A Table of Chords 
in a Circle, to solve all their plane trigonometric 
problems. For ares at angles in increments of half 
a degree up to 180 degrees, the table gives the 
lengths of the chords subtending the angles in s 
circle of radius 60 units, 

In his work The Transversal Figure, 12th 
century Muslim astronomer Al'Tusi explains 
how this table of chord lengths was employed 
to solve problems relating to right-angled tri- 
angles, Al-Tusi made the crucial observation 
that established the link between triangles and 
ares of circles: Any triangle may be inscribed in 
acircle; therefore, its sides may be viewed as the 


chords subtending the ares opposite the angles 
of the triangle. 


stand the motions of the sun, the moon, and the then-known five planets. 


But there were two drawbacks to relying on 
these tables. First, considerable manipulation of 
the table and intermediate steps were required to 
solve all the variations that might arise in solv 
ing unknown lengths or angles of a right-angled 
triangle, This is in contrast to using the six famil’ 
iar trigonometric functions—the sine, cosine, 
and tangent, and their reciprocals, the secant, 
cosecant, and cotangent—that are characteristic 
of modem techniques, which were frat devised 
and arranged in a systematic way by Muslim 
mathematicians. The second inconvenience of 
the chord length tables is that they often required 
angles to be doubled in order to calculate the 
length of an are 

Actually.a chain of Muslim scholars had already 
laid the foundations of trigonometry before the 
tenth century, paving the way for Al-Tusi to collect, 
organize, and elaborate on their contributions It 
was Al-Battani, born in Harran, Turkey, who was 
one of the most influential figures in trigonometry. 
He is considered to be one of the greatest Mus- 
lim astronomers and mathematicians, eventually 
dying in Samarra, now in Iraq in 929 His motiva- 
tion for pioneering the study of trigonometry was 
his observation of the movements of planets. You 
can tead more about him in the Astronomy sec 

‘tion of the Universe chapter. 

More crucially, Al-Battani explained his mathe- 
matical operations and urged others "to continue 
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aterials such as plastic, rayon, artificial rubber, 

and gasoline, and medicines such as insulin and 

penicillin, all stem from the chemical industry of | 
the early Muslims, who were chemistry revolutionaries. 


The word "chemistry" in Arabic is kimia, and 
with “ol” as the definite article kimia becomes 
alkimia (the chemistry). In the West the last “a” 
was dropped and the word became “alchemy” in 
English. Alchemy, for the main Islamic medieval 
scientists, was not about folkdore or occult prac- 
tices but about the chemistry. 

There are three people who stand out in Muslim 
chemistry from a golden era spanning 200 years 


B Jabir ibn Hayyan, or Geber (722 to ca 815, Iran) 
Jabir ibn Hayyan was known in the West as 
Geber, and all scholars agree that he is the 
founder of chemistry. The son of a druggist, he 
spent most of his life in Kufa. Iraq, where he sci- 
entifically systemized chemistry. Constantly in 
the laboratory. he devised and perfected subli 
mation, liquefsction, crystallization, distillation, 
puniheation, amalgamation, oxidation, evapo: 
ration, and filtration. He also wrote about how 
chemicals combined, without loss of character, 
to form a union of elements together that were 
too small for the naked eye to see. Now this may 
seem like common sense, but more than 1250 
years ago, he was a man ahead of the times, 

Jabir vastly increased the possibilities of 
chemical experiments by discovering sulfuric, 
nitric, and nitromuriatic acids, all now vitally 
important in the chemical industry. 

He also built precise scale, which weighed items 
6.480 times smaller than the rat! (ratl=1 kilogram or 
220 pounds), and noticed in cenain conditions of 
oxidation, the weight of a metal was lessened. 


Some of Jabir bn Hayyan’s writings Include 
the Greet Book of Chemical Properties, The 
Weights and Measures, The Chemical Cambina- 
tion, and The Dyes. Among his greatest contribu- 
tions to the theory of chemistry were his views on 
the constitution of metals, and these survived with 
slight alterations and additions until the begin- 
ning of modern chemistry in the 18th century, 

All this research was carried out in his Isbora- 
tory in Kufa, Iraq, which was rediscovered about 
two centuries after his death during the demoli- 
tion of some houses in the quarter of the town 
known as the Damascus Gate. Found among the 
rubble were a mortar and @ large piece of gold, 


@ Al-Razi, or Rhazes (664 to 925, tran) 

Muhammmud ibn Zakanya’ al-Razi was known in 
the West as Rhazes, and he wrote The Book of 
the Secret of the Secrets, In this, he proved him 
self to be a greater expert than all his predeces- 
sors, including Jabir, in the exact classification of 
natural substances. He divided them into earthly, 
vegetable, and animal substances, while also add- 
ing a number of artificially obtained materials 
like lead oxide, caustic soda, and various alloys, 
Before him, Jabir had divided mineral substances 
into bodies (like gold and silver), souls (like sul> 
fur and arsenic), and spirits (like mercury and 


DISTILLATION 


uecacy; Influenced Europea 


part: Ninth century onward 


«ev ncuees, Al-Razi and jabir ibn-Hayyar 


[~ rom rose water to hair dye, soap to paint, early chemists worked to create a panoply of 
I” useful substances. As early as the middle of the ninth century, experimenters in Muslim 
civilization were aware of the processes of crystallization, oxidation, evaporation, sublima- 
tion, and filtration. To make their experiments more accurate, they invented precise scales to 
use for weighing chemical samples. But alongside this experimental work, they came up with 
new theoretical ideas and chemical concepts, some of which survived for centuries 

Scientists of this period laid important foundations of the modern chemical industry. Jabir ibn 
Hayyan, and his successor, Muharnmad ibn Zakariya al-Razi, developed new ways of classifying 
substances and organizing chemical knowledge. They wrote chemical textbooks and researched 
Processes to improve ceramic glazes, formulate new hair dyes, and create varnishes for water- 
proofing fabrics. Other scholars worked on synthetic chemicals useful for pesticides, papermaking, 
paints, and medicines, Al-Razi, or Rhazes in Latin, made hundreds of discoveries in his chemical 
laboratory, writing up his findings in a book intriguingly entitled The Book of the Secret of Secrets 

Jabir, known as Geber in the West, carried out many ingenious experiments, including 
attempts to make paper that would not burn and ink that you could read in the dark. He is 
said to have used an alembic still for distillation, one of the most important techniques of 
the period. In this curiously shaped glass vessel, a liquid could be boiled down, allowing its 
Separate pure parts to be collected as they condensed and trickled down the spout. Rose 
water was one of the first products of the distillation process, a delicately scented liquid vital 
for flavoring foods and drinks, and in perfumes and cosmetics. Al-Kindi wrote a book on the 
chemistry of perfurnes, which contained 107 recipes for different scents 

The early chemists distilled wine, not to make a drink, but to use the pure alcohol as a 
disinfectant or ink mixed with ground silver filings. Perhaps most useful of all, they distilled 
the thick crude oil known as naft to produce the fuel kerosene, and in the 12th century made 
stronger acids by distilling vinegar. Today, distillation is still crucial for refining oil, and is used 
widely in the chemical industry. 

During the 12th and 13th centuries, many Arabic textbooks and writings on chemistry 
were translated into Latin to reach a wider audience, One particular set of works said to be 
associated with Jabir was republished many times up to the 17th century, becoming the main 
chemistry textbook throughout medieval Europe. 
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The distillotion process is shown in on 18th-cemtury Arabic treatise on chemistry, The Arabic text refers 
to the various vessels and the alembic, describing how the condensation is conveyed from the upper cooling 


vessel to the recipient flask. 


Works by other influential chemists were also keenly consulted. Al-Razi's writings showed 
how to prepare and use hundreds of chemicals. Al-Kindi’s book De gradibus about the 
effects of compound medicines was translated by Gerard of Cremona With sophisticated 
mathematical formulas for the qualities of the mixtures of the ingredients, it influenced 


Western pharmacology. 
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uslims are famous for intricate and elegant geometrical designs dee: 
orating their buildings, which you can read more about in the Art and 
Arabesque section of this chapter. These wonderful designs could 
not have happened without leaps made in geometry, or the measurement, 
properties, and relationships of points, lines, angles, and two-dimensional and 


three-dimensional figures. 


Scholars inherited, developed, and extended 
geometry from the Greeks, who took a keen 
interest, and Euclid spent a lot of time on it in the 
Elements. For most avid mathematicians, their 
starting point into geometry is through Euclid’s 
monumental and timeless work. 

The investigations Muslims undertook in 
geometry rested on three Hellenist pillars. The 
first was Buclid’s Elements, which was translated 
in Baghdad in the eighth-century House of Wie 
dom. The second was two works of Archimedes; 
On the Sphere and Cylinder and The Heptagon in 
the Circle, The second one is now unavailable in 
Greek and reaches us through the Arabic trans 
lation by Thabit ibn Qurra. The third and final 
pillar is the difficult work of Apollonios of Perga, 
called The Conics. This appeared in eight books, 
written around 260 B.¢& Only four of these sur- 
vive in Greek, while seven came to us in Arabic. 

Most of the geometrical constructions of both 
the Greek and Islamic worlds were unified under 
the theory of conic sections, which were used in 
geometrical constructions, the design of mir- 
tors for focusing light, and the theory of sundé 
als. The surface of a solid double cone is formed 
by extending out straight lines (generators) thar 
radiate out of the circumference of a circle, called 
the base, and pass through a fixed point, denoted 
the vertex, not on the plane of the base. Conic sec- 
tions are generated by cutting the double cone by 


a plane intersecting the generators. The shape of 
the plane section thar remains is determined by 
the angle of the plane to the generstors. Apollo- 
nios successfully argued that, other than the circle, 
only three kinds of conic sections could be gener- 
ated: the ellipse, the parabola, and the hyperbola. 
Abu Suhl al-Kuhs used the theory of conic sec 
tions to develop a remarkable procedure for the 


“Let no one ignorant 
of geometry enter.” 


SCHIPTION ABOVE PLATO'S ACADEMY 


construction of a regular seven-sided polygon, the 
heptagon, Abu Sah! al-Kuhi was one of a group of 
gifted scientists who were brought together from 
all over the eastern segment of the Muslim world 
under the auspices of key members of the influen- 
tial Buyid family in Baghdad Emerging from the 
mountainous regions south of the Caspian Sea, 
and originally a juggler of glass bottles in the souk, 
or market, of Baghdad, Abu Sahl al-Kuhi turned 
his attention to the study of the sciences, He was 
interested in the work of Archimedes, writing 
a commentary on Book Il of On the Sphere and 
Cylinder. His main focus lay in conic sections and 
their use in solving problems related to the con- 
struction of complex geometric objects. 


For instance, he explained how it was possible 


to construct, with conic sections, a sphere with 


a segment 5. ar a segment of one sphere 


and possessing a surface area equal to a seg 


ment of a second sphere He elaborated on a 
new instrument that could be used for drawing 
Ont 2 complete cor s." But Abu 


Sahl al-Kuhi hod set his sights on & 


1 greater 


ambitions: detailed instruc 


ns tor the construc 


tion of the regular heptagon. Archimedes had 
supplied a proof relating to a regular heptagon 


inscribed within a 


ts that it 


ruct a heptagon, but 


ight to be ¢ 


this did not go quite far enough to provide an 
actual procedure. This is quite common in the 


abstract universe of mathematics, Occasionally, 


y difficult to derive a step-by-step proce 


dure fort ruction of certain mathematical 


objects. In such situations, mathematicians con 
cern themselves with proving that at least such 


a procedure exists, leaving the disom of the 


detailed procedure to oth 


Even though Archimedes gave proof of the 


existence, the actual construction of the heptagon 


eluded the best Greek and Muslim mathe 
h so that the 


4 rerr 


mahcans 
for centuries, so muc 
Muslim scholar Abu al 


its execution is more difficult and its proof more 


nth-century 


ked that “perhaps 


remote than that for which it serves as a premise.” 


ue Abu Sahl al-Kuhi to take up this challenge 


Through deft manipulation, Abu Sahl albKuhi was 
able to tame the beast, reducing the problem to 


if reversed, would lead to the 


three steps, whi 


art with the construction 


construction, He 


ol a relevant conic section based on the length of 
the side of the heptagon. Then generate a divided 
line segment according to given proportions, and 
from the divided line segment, form a triangle pos 


os g certain properties. Finally, produce the hep- 


tagon from the constructed tnangle 
Abu Sahl is also known for his discovery of 


a method for trisecting a given angle. This was 


Ks 


Tiles from Alhambra Palace, Granada, Spain, 
make a colorful design. Most Islamic tile designs 
have geometrical and mathematical codes. 


Sahl al-Kuhi" by 


Abd ul-Jalil al-Sijei, a younger contemporary of 


referred to as “the lemma of Ab 


Abu Sahl and used in the construction of a regu 


lar nir ded polygon, the nonagon. 


Knowledge of conic sections was required by 


instrument make 


ngrave then: on the sur 


undials. The Greeks knew "that as the 


the sky dur 


un traces its circular path acre 
ing the day, the rays that pass over the tip of a 


vertical rod set in the 


earth form a double cone, 


and, because the plane of the horizon cuts both 


parts of this cone, the section of the cone by the 


horizon plane must be a hyperbola.” This moti 


vated Ibrahim ibn Sinan, the grandson of Thabit 
ibn Qurra, to make a study of the subject. His life 


umor and he met his 


was cut short due to a liv 


demise at the early age of 37 in 946. Yet “his sur- 


viving works ensure his reputation as an impor 
tant figure in the history of mathematics,” said 


J. L. Berga) 


*n, a contemporary writer 
Ibr 


hen summanz him ibn Sin 


Berggre 


an’s achievements: “His treatment of the area of 


, 
= 
peel 
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ratic 
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such that the ratic 


utive features forma 


ofany system of “chaos,” so this concept of center in 
terms of proportion remained their focus, too. 

The Ikhwan albSafa’, or Brothers of Purity, 
were 6 group of scholars in the tenth century, 
who recorded their ideas about proportion in 
their Epistles or Rasa'il. They knew of the Roman 
canon of Vitruvius. a first-century B.C_E. architect 
and writer, who measured the human body as a 
system of proportion. It was this ides the /khwan 
considered to be defective. as it was centered on 
the sacrum or the groin, instead of the navel. 

Vitruvius's inelings were based on a Greek 
canon, and this was founded on an ancient Egyp- 
tian rule of proportion, which related to the back- 
bone of the god Osiris. The “sacred backbone,” 
or Djet pillar, was 2 predynastic representation 
of Osiris and it represented stability, endurance, 
and goodness. 

After painstaking research, the /khwan's epis- 
thes came to a different conclusion. They estab- 
lished that when the human body was stretched 
and extended our, the fingertips and the tips of the 
toes touched the eireurnference of an imagined 
circle. The center of this circle was then the navel 
and not the groin, if the body wns that af a child 
under age seven This perfect proportion, with the 
navel being the center, begins to be dispropor- 
tionately placed after the age of seven—the age of 
innocence. At birth, the midpoint of the body is 
at the navel. As the individual grows the midpoint 
drops until it reaches the groin or sacrum 

The proportional ratio produces an ideal figure 
for religious painting. The width is eight spans, 
the height is ten spans, and the midpoint is on the 
navel, The division of the figure is s body eight 
heads long, a foot is an eighth of a body, the face is 
an eighth of a body, the forehead is a third of the 
face, and a face is four noses or four ears. 

With the navel as the center of the circle, 
which represented the Earth and the place of life 
sustenance, this demonstrated a divine manifes- 
tation, These divine proportions were reflected 


in cosmology, musicology, and calligraphy, and 
in all arts from the tenth century. They were seen 
as the key to finding harmony and, for the mys- 
tics, closeness to God. 

For example, the natural harmony of the fg 
ure of eight was seen by Muslim scholars as the 
basic number, which motivated them to make 
measurements in music acale, poetry, calligra 
phy, and artistic themes. 

There is, of course, the whole fascinating area 
of the algebraic geometry of Umar al-Khayyam, 
and the geometric theory of lenses by Al-Tusi, 
which were both new helds of geometry. To read 
more about these go to the sections Mathematics 
in this chapter, and Vision and Cameras in the 
Home chapter 


Leonardo da Vinct’s “Vitruvian Man” shows the pro- 
portions of the human body, which were discussed in 
the tenth-century Epistles of the Ikhwan al-Safa’. 


est of its kir 
iva Tol ag 
Buk} 
1 d £ ara, 
ef ‘ 
binat ; 
art Vorks fr “ 
1 Rex Gen art (par 
1 
t C n upwork all fe 
j 
te 


The Lotfollah Mosque in Isfahan, 
Tran, shows arabesque and inter: 
woven monumental cursive-style 


f Quranic verses 


calligraphy 


above and below the pointed arch. 
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Lert: World-famous Turkish calligrapher Hasan Celebi 
instructs a student in the art of calligraphy. a1SHT: An 
anctent Kufle seript displays two Quranic verses (23 
and 22, chapter 31); the circle in the center signifies the 
separation between the verses 
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An illustration by Karima Solberg froen Ibn Tufayl's Story of 

Hayy ibn Yaqzan shows him with his adoptive “mother,” a 

doe. Daniel Defoe's 18th-century Robinson Crusoe it very 
similar to the Tufayl's rath-century Hayy ibn Yaqzan 


THE MYST 


: = I° early \2th-century Muslim Spain, a gifted 
. 
/ 


>F HAYY IBN YAQZAN 


philosopher, mathematician, poet, and medi- 
cal doctor was born, Ibn Tufayl, or Abu Bakr iba 
Abd al-Malik ibn Muhammad ibn Muhammad 
ibn Tufayl al-Qaysi, to give his full name, became 
known in the West as Abubacer. He held royal 
posts as an adviser and court physician to Abu 
Yaqub Yusef, the Almohad ruler of Al-Andalus, 
and he is remembered today for The Story of Hayy 
ibn Yaqzan, the original manuscript of which is 
now in the Bodleian Library at Oxford. This tale 
was inspired by an earlier story from the 1ith- 
century physician-philosopher Ibn Sina, who also 
wrote a narrative called Hayy ibn Yaqzon about a 
century earlier. But was the story itself the inspi- 
ration for the book Life and Strange Adventures of 
Robinson Crusoe, by Daniel Defoe? 


| Hayy ibn Yaqzan means “Alive, son of Awake,” so this is “The Story of Alive, son of Awake,” which 
describes Hayy's character passing from sleepy childhood to knowledge by means of which he can 


fully conternplate the world and his surroundings. 


It Begins with Hayy as a child, a princess's son whose birth was a secret. He is cast upon the shore 
of an equatorial island where he is suckled by a doe and spends the first 50 years of his life without 
contact with any other human beings. His isolation is in seven stages of seven years. During each 
seven-year stage he is his own teacher and learns about himself and his surroundings. 

The first English translations of Hayy ibn Yaqzan appeared in 1709, Eleven years later, Defoe's 
famous book was published. Many of Defoe’s contemporaries said his inspiration lay in the experiences 

| of Alexander Selkirk, a Scottish mariner who passed more than four years in solitude on one of the Juan 
Fernandez Islands, But the similarities between Robinson Crusoe and Hayy ibn Yaqzan are enough to 
make it probable that Defoe knew the Muslim work. From the island shipwreck to the anguish of isola- 
tion and struggle for survival, Robinson Crusoe bears many similarities with the older work. 


Parchment was durable, lustrous, and luxurious, 


though only one side could be used. Papyrus was 
brittle and could not be erased, which made it 


useful especially for government records. Both 


were expensive, so when th 
paper, was mass-produced in th e eid 
tury by the Muslims, after learning the art from 


China, the art of writing boorr 


Europe came into contact with Arabic 
raphy through trade and gift exchange between 
European and Muslim royal courts At frst 


Europ $ imitated Arabic callic 


knowing what it said, and 


vailt 
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“Read: In the name of your 
Lord Who c 


from a clot. Read: And your 


reates, creates man 


Lord is the Most Bounteous, 


Who teaches by the use of 


the pen, teaches man 
that which he knew not.” 


QURAN (96:1°S}—THE FIRST VERSE OF THE QURAN 
REVEALED TO PROPHET MUHAMMAD 


Cairo are believed to be responsible for the 
transmission of these designs into Europe os 
they had special relations with Fatimid Cairo at 
that time 

In his book Legacy of Islam, Professor Thomas 
Amold said a cross that probably dates back to the 
ninth century was found in freland with the phrase 
Basmaleh (briam Allah), or “In the name of Ged” 
inscribed in Kufic calligraphy on it. In other art 
forms, especially painting, Kufic inscription was 
added for style, People were drawn to calligraphy; 


1001 INVENTIONS: THE ENDURING LEGACY OF MUSLIM CIVILIZATION 


even Italian Renaissance painter Gentile da Fab- 
riano used it in the decorative edging of clothes in 
his painting “Adoration of the Magi* 

Before pens, as we know them today, came 
other writing instruments including the qalam, 
or reed pen. The most sought-after reeds came 
from the coastal lands of the Arabian Gulf and 
they were valuable trading commodities, Their 
length varied between 24 and 30 centimeters 
(95 and 11.8 inches) and their diameter gener- 
ally measured one centimeter (04 inch). Each 
style of script required a different reed, cut at s 
specific angle 

Inks were of different types and colors, with 
black and dark brown inks most often used: all dif- 
fered in intensity and consistency. Calligraphers 
usually made their own inks, and sometimes the 
recipes were closely guarded secrets. Silver and 

gold inks were used on blue vellum, in frontis- 
pieces, for illustrations, and for title pages, Col 
ored inks such as reds, whites. and blues were 
sometimes used in illuminated headings Ink pors, 
polishing stones, and sand for drying the ink were 
additional accessories used by calligraphers. 


n outstanding publicist, confidant, and companion of Al-Mu’izz, the Egyp- 

tian sultan in 953, wrote a book called The Book of Audiences and Concur- 
rence. His name was Qadi abu Hanifah al-Nu'man ibn Muhammad, and here he 
recounts Al-Mu'izz commissioning the construction of a fountain pen: 

“We wish to construct a pen which can be used for writing without having : 
fecourse to an ink-holder and whose ink will be contained inside it. A person can 
fill it with ink and write whatever he likes, The writer can put it in his sleeve or any: 
where he wishes and it will not stain nor will any drop of ink leak out of it. The ink 
will flow only when there is an intention to write. We are unaware of anyone previ- 
ously ever constructing [a pen such as this] and an indication of “penetrating wis- 
dom’ to whoever contemplates it and realises its exact significance and purpose.” 


: 


| 


‘exclaimed, “Is this possible?” He replied, “It is possible if God so wills.” 
The story continues that a few days later the craftsman brought a pen that wrote when it was 
filled with ink. The pen could be turned upside down and tipped from side to side without any ink 
being spilled. The pen did not release the ink except in writing and it did not leave stains on hands or 
clothes. Lastly, it did not need an ink pot because it had its own, hidden away. 
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13 WORD POWER 


1001 INVENTIONS? THE ENDURING LEGACY OF MUSLIM CIVILIZATION 


his alphabet lists just some of the words that have come fram sources 
in Muslim civilization and have passed into the English language with 
their original meaning intact. It is only a'small selection. The actual list 


carries on into the thousands. 


is for admiral, from aminal- "commander 

of..." like amir al:bohr, or “commander 
of the seas.” When the Europeans adapted amir 
al, they added their own Latin prehx ad-, produc 
ing admiral When this reached English, via Old 
French, it still meant “commander,” and it was not 
until the time of England's Edward III that a strong 
naval link began to emerge. “A” ix also for arsenal, 
from dar alsina‘ah, meaning “house of making/ 
industry” like a factory This was borrowed into 
Venetian Italian, where the initial “d* was not pro- 
nounced and became arzand, which was applied 
to the large naval dockyard in Venice. The dock- 
yard is known to this day as the Arzenale. English 
acquired the word either from Italian or from the 
French arsenale, using it only for dockyards. By 
the end of the 16th century, it was coming into 
more general use as an “ammunition storehouse.” 


BI is for barbican, from the Arabic bab al: 
bagarah, or gate with holes. 


[c] is for crimson, from girmizi, which is relared 
to the girmuz, the insect that produced the red 
dye qirmizi. “C” is also for caviar, which may come 
from Farsi tayedor, meaning “having eggs” or from 
chav-jar, meaning “a cake of strength or power" or 
“bread of lovers.” an alhusion to its reputed aphrodi- 
sinc qualities. Others think it came from havyar in 
Turkish, which means “fish eggs” 


[D| is for dragoman, an interpreter or guide 
in countries where Arabic, Turkish, or 


Persian is spoken; from the Arabic tarjuman and 
the verb, farjama, to interpret 


(E] is for El-Cid, the hero of s Spanish epic 
poem from the 12th century, from al- 
Sayyid, meaning “the lord,” 


is for Fomalhaut, the brightest star in the 
[F] constellation Piscis Austrinus, the South- 
ern Fish, 24 light-years from Earth; fom al-hut 
means “mouth of the fish.” 


is for ghoul, from the Arabic ghul, meaning 
the demon. "G" is also for giraffe from the 
Arabic Zarofo. 


[H] is for hazard, from yasava, which means 


"play at dice.” 


[7] is for Izar, name of a star in the constella- 
tion Andromeda, from the Arabic al-izar, 
meaning the “veil or covering” 


[3] is for jar, from jarroA, a large earthen vase 
“J” is also for jasmine, from the Persian 


yasmin. 


is for koh. from kuAl, meaning a fine pow- 

der, often of antimony, used in eye decora- 
tion or as eyeliner. 

is for lilac, from the Arabic lilek, which 

was taken from the Persian nilak, meaning 


*indigo” “L" is also for lemon, from the Persian 
limun, meaning “lemon” 


[M| is for maha, from an Arabic word mahi- 
yoh, meaning “boasting” or “flashy”, Le, 
“the swank set” In Sicily an unusually ornate and 
demonstrative cockerel is described as Mafioso. 
"M” is also for mattress, coming from old French 
materas, which was taken from matrah, a “place 
where something is thrown” and teraha, mean- 
ing “to throw.” 


is for nadir, a point on the celestial sphere 

directly below the observer and diametri- 
cally opposite the zenith. It comes from nadir as 
samr, meaning “opposite the zenith” 


[0] ts for orange, from the Persian naranj or 
narang, mesning “orange” 


is for Pherkad, = star in the constellation 
Ursa Minor, from the Arabic al-fargad. 
meaning “the calf” 


[Q) is for qanun, the ancestor to the harp and 
zither, introduced by Al-Farabi in the tenth 
century, but used in Roman times as a freestand- 
ing instrument 


[R| is for the chess piece rook, from the Per- 


sian rukh 


is for sofa; the seat was originally an Ara 
LS | bian ruler’s throne and has been in exis 
tence since antiquity. Originally suffah, meaning 
“long bench” or “divan” *S" is also for sugar from 
the Arabic sukkar, meaning “sugar”, and for so 
Jong, from salam, a greeting and goodbye mean 
ing “peace” 


is for tabby, which meant “silk cloth 
[r] with striped pattern” and was borrowed 


SCHOOL: WORD POWLE 


in 1638 from the French. They used tabis, or 
rich-watered silk, from Arabic ‘attabi, orig!- 
nally meaning “manufactured at a!“Atrabiysh,” 
a suburb of Baghdad By 1695 the phrase tabby 
cat was in use, and tabby as a noun meaning 
“striped cat" developed by 1774, “T™ is also for 
taleum powder, which is from the Latin talcum, 
from the Arabic talg, It was first used in medi 
eval Latin as tale around 1317, and in Spanish 
Taleo and French as tale in 1582, In German, 
it is Talkwn. 


[u] is for Unukalhai, a ster in the constellation 
of the Serpent, from the Arabic ‘unuq ab 
hayyoh, meaning the “neck of the enake.” 


is for vizier, from wazir, mesning “porter, 
public servant” from the verb wazara, to 
carry "V" is also for Vega. the brightest star in 
the constellation Lyra from the Arabic al-nisr ab 
wagi’, meaning “the falling vulture” 


[w is for wadi, a valley or gully that remains 
dry except during the rainy season, com- 
ing from the Arabic wadi, which means “valley” 


[x] in algebra. meaning “s thing” is an Arabic 
invention to solve mathematic equations. 


>) is for yoghurt. The original Turkish word 
[y] was yogurut, but it had become yoghurt 
by the uth century, The "g” is soft in the Turk- 
ish pronunciation but hard in English. Yog is said 
to mean, roughly, “to condense” in Turkish, while 


yogur means “to knead.” 


is for zenith, the point of culmination or 
[z] the peak, coming from the Old Spanish 
zenit, which was from the Arable samr, mean 
ing “path,” part of the Arabic phrase samt al-ra's, 
meaning “the road overhead,” or directly above a 
person's head. 


CHAPTER Four 


PROPHET MUHAMMAD, NARRATED BY AL-HAKIM AND AL-BAYHAQI 


WHETHER THROUGH BARTERING GOODS, GOLD, PAPER CURRENCY, OR DIGITAL TRANSFER, PEOPLE 


have been making deals and acquiring produce in the marketplace for many millennia. For 1,200 
years, the Islamic world was a powerhouse of knowledge, influence, and innovation, all driven by 
a massive economy that bought and sold across three continents, Enterprising Muslims were 
producing goods at a fast rate, and great leaps in technology across many industries from textiles 


to chemicals meant that vast numbers of people were employed in these flourishing sectors. 


Agricultural techniques, accompanied by research, improved irrigation, and landownership rights, 
meant that the standard of living was raised as people ate abundant food. Farming innovations 
included using pigeon manure for fertilization, a technique mastered in Iran where towers 18 to 21 
meters high (60 to 70 feet) were dotted around the fields to house the birds. As these practices and 
knowledge drifted west they were accompanied by coinage, checks, and paper, while treasures of the 
world drifted back into the hustle and bustle of dynamic cities like Cairo. In this chapter you will peel 


back the layers of commerce to uncover the marketplace that was not so different from ours today. 


oppostre: Muslim men and women bought and sold textiles, ceramics, and glasy—as shown tn this 13th-century painting, 
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4é-T he cultivation of sugar cane in the 
West spread from Khurzistan in Persia, 
and throughout the middle ages Shuster [the 
ancient Susa] was renowned for its manufac- 
ture on a large scale, The art of sugar refining 
was practised extensively by the Arabs. Under 
Muslim rule the growth and manufacture of 
the cane spread far and wide, from India to 
Morocco. Through the Muslim dominions in 
Spain and Sicily it reached southern Europe.” 
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An artist's re-creation shows Muslim farmers at work. Innovative formers in the ninth century 

were planting new crops, developing state-of-the-art irrigation rechnit 
fertilizers, harnessing global knowledge in local areas, and basing their 
findings. This all led to an agricultural revolution, making fresh food availab 
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Muslims wore able to transport water aver long dis 
rances using a series of L-shaped wells connected to 
called a 


one another. Forming an underground tunnel, 


qanat—these are near Isfahan, Iran—they had “man 
hole” covers for atr circulation, which helped the water 


flow through the tunnel. Qanats are still used today. 
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THE RECIPROCATING PUMP 


SUPPLYING WATER 


New Technology for Irrigating a Thirsty Agricultural System 


tecacy; Irrigation enabled crops like peaches, aubergines, and rice to spread west to Spain 
Location: Diyarbakir, modern-day Turkey 
pate: Late rath century 


aty rcures; Al-jazari, mechanical engineer 


enturies ago in Muslim Spain, you could have seen hundreds of waterwheels busily irrigat- 
ing the rice crops. But they did not have the capacity to supply every town and village. 

In the 12th century, engineer Al-jazari experimented with water-raising machinery to bring the 
supply directly to the local people. Of his five designs, the most advanced was the double-action 
suction pump. By using copper pistons, effective seals, and flapper valves, Al-Jazari made a 
pump that sucked up water from the river using two cylinders that emptied their contents into a 
single shared outlet above the machine. 

Sixteenth-century scientist and engineer Taqi al-Din harnessed surging river water in his 
designs for an advanced six-cylinder pump, publishing his idea in a book called The Sublime 
Methods of Spiritual Machines. He also described a type of basic steam turbine, an idea that only 
resurfaced about a century later. 

Taqi al-Din's six-cylinder pump was powered by a waterwheel on a shaft with six spiral-spaced 

studs, or cams. The cams on the rotating shaft activated a series of connecting rods, which 
would in turn each pull a piston up to suck water through a valve into the cylinder. As the shaft 
rotated, releasing the rod, a weight pushed the piston down again, forcing the water to leave the 
cylinder through a pipe that was connected to the supply system. 
With such a synchronized action, the pump could deliver water smoothly—and may also 
have powered hammers that beat paper pulp and metal. High-capacity 
machines like Taqi al-Din’s six-cylinder water pump meant people no lon- 
ger had to wait in line for water. 

Water was a significant factor in the agricultural revolution that 
occurred during Muslim civilization. Traders brought rice, peaches, 
apricots, and aubergines to Spain, where they were planted and watered 
using novel irrigation techniques, New ways of breeding and farming 
animals made meat and wool plentiful in places where before they had 
been a luxury. Men and women worked and traded on farms supplied 
by water from distant water-raising machines and a network of canals, 

Modern farming methods are widespread today; nonetheless, you can 
still see ancient shadoofs for lifting water manually from rivers in use in Egypt. 


@ A manuscript shows Al-jazari’s reciprocating pump. This was the first time an 
illustration of a crank appeared in a manuscript 


~ Inlet clack 
valve open 


Water being 
drawn into 
inlet pipe 


—____— inlet pipe 


& ror: A three-dimensional rendering shows Al-jazari's reciprocating pump. It was designed chia tees 
to a height of 12 meters (39.4 feet) to deliver it into a supply syste. CENTER AND cae Pp 
movement causes the water to be pulled into the piston chamber, and pushed into the outlet pipe. 
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o6 WINDMILLS 


1001 INVENTIONS: THE ENDURING LEGACY OF MUSLIM CIVILIZATION 


o produce anything, energy is needed, and before oil-powered machines, 

energy came from sustainable sources. Some energy in the Islamic 

world more than a thousand years ago came from water, and was 
hamessed in machines like the crank-red system, which took water to higher 
levels and into aqueducts to quench the thirst of towns. Water drove mills to 
grind wheat, but in drier parts of the Islamic world there was not enough water, 
so alternative power supplies were sought. 


One thing the vast deserts of Arabia had when the 
seasonal streams ran dry was wind and these desert 
winds had a constant direction and blew regularly 
from the same place. The windmill was so simple 
yet effective that @ quickly spread all over the world 
from its seventh-century Persian origins. Most his- 
torians believe that it was the Crusaders who intro 
duced windmills to Europe in the izth century. 

A Persian had come to the second Caliph Umar, 
who reigned for ten years from 424, and claimed he 
could build a mill operated by wind, so the caliph 
ordered him to have one built. After this, wind 
power become widely used to nun millstones for 
grinding com, and also to draw up water for im 
gation. This was done first in the Persian province 
of Sistan, and AlMasudi, sn Arab geographer who 
lived in the tenth century, described the region as 
a “country of wind and sand” He also wrote, “[A] 
charactenstic of the area ts that the power of the 
wind is used to drive pumps for watering gardens.” 

Early windmills were two-story buildings and 
were built on the towers of castles, hilltops, ar plat 
forms On the upper story were the millstones, and 
in the lower one was a wheel, driven by the six or 
twelve sails that were covered with fabric. These 
tured the upper millstone. These lower chamber 
walls were pierced by four vents, with the narrower 
end toward the interior, which directed the wind 
onto the sails and increased its speed. 


Windmills from that time were described as 
containing a millstone attached to the end of a 
wooden cylinder. This was half a meter wide (16 
feet), and 35 to 4 meters high (115 to 191 feet), 
standing vertically in a tower open on the north- 
east side to catch the wind blowing from this 
direction. The cylinder had sails made of bundles 
of bush or palm leaves, attached tothe shaft of the 
axle The wind, blowing into the tower, pushed the 
sails and turned the shaft and millstone. 

The introduction of the windmill had a great 
effect on the science of mechanical engineering 
and meant that new trades were born. 


"Behold! a giant am I! 
Aloft here in my tower, 

With my granite jaws I devour 
The maize, and the wheat, and the rye, 
And grind them into flour. 

I look down aver the farms; 

In the elds of grain I see 
The harvest that ts to be, 

And I fling to the air my arms, 

.  Forlknow itis all for me.” 


EXCERPT FROM “THE vrinecnenL,” 
‘SY HERIY WADSWORTH LONGFELLOW 
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WINDMILLS 


AIR POWER 


Ancient and Modern Ways to Harness the Wind 


ecacy: Wind power is more popular than ever today as an alternative source of energy 
vocation; Sistan, Persia 
pare: Tenth century to today 


xey Ficunes: Written and illustrated records by geographers Al-Masudi 
{tenth century) and Al-Dimashqi (14th century) 


thousand years ago, geographer Al-Masudi wrote of seeing windmills used to pump 
Aa for irrigating gardens in the Iranian province of Sistan, and in the western part 
of modern Afghanistan. When the streams ran dry each year in the region, the water mills 
would stop working. So, as the story goes, the Muslim rulers ordered a windmill built to take 
advantage of the desert winds that blew for four months of the year—and soon windmills 
appeared everywhere. 

Unlike the traditional European design, Central Asian windmills had vertical vanes to catch 
the wind. Built on top of castles or at the crest of hills, the windmills had two stories. In one 
story were the millstones, one connected to a vertical wooden shaft. This shaft extended into 
the other story, where six to twelve windmill sails were mounted vertically, covered in cloth or 
palm leaves. The structure of the windmill was open to catch the wind on the northeast side 

Farmers used the windmills Al-Masudi saw to grind corn or pump water to irrigate their 
fields. Clean and green, it was a good solution to the power problem. And there have been 
many other ways that wind power was used in the past—including 
harnessing fast-moving air for natural ventilation. 

Traditional courtyard houses were developed more than 4,500 
years ago as private and energy-efficient family homes. Built with 
shared walls, these courtyard houses incorporated natural cool- 
ing elements in design. These included wind towers, which would 
catch moving air and channel it down from the roof terrace to pass 
through party walls to subterranean rooms. 

Houses would have a variety of inward-facing rooms and spaces 
at different floor levels around a planted courtyard to suit different 
seasons and to enhance privacy. 

Today, electrically powered air-conditioning is welcome in hot 
climates—but it may be that wind power holds the answer to mak- 
ing it more environmentally friendly. New windmills Springing up 
across the landscape are now wind turbines, generating electricity 
to run a host of different machines. 


® An old windmill still stands in Herat, Afghanistan. 
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MUSLIM CARAVANS 


uslim caravans were huge processions of people, their 
goods, and animals that traveled enormous distances 


traders across the Mudim world. 


and reached the farthest horizons. Their objective was either pil- 
grimage or trade, and it was these tradesmen who went as far 
as China in their caravans that bound this distant land to India, 
Persia, Syria, and Egypt. 

Some of the camel caravans were so big that if you left your 
place you would not be able to find it again because of the vast 
number of people. Food was cooked in great brass cauldrons and 
given to the poorer pilgrims, and the spare camels took those 
who could not walk. Sheep and goats went with the caravans, 


providing milk, cheese, and meat. Camel milk and meat was also eaten, and the dried dung of these 

animals was used as fuel for the campfires. Flat bread, or pita bread, was made along the way from flour, 

salt, and water. Water was carried in goat and buffalo skin bags, and water points were welcome sights. 
| The intense heat of the day in the deserts meant that caravans traveled by night with torches to light the 
) way, making the desert glow with light, and turning night into day. 
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Agth-century manuscript from the book Album of Kashmiri Trades shows a dyer at work dyeing 


Europe's fascination with Muslim textiles goes 
back to the Middle Ages. when they were imported 


by Crusaders and tra: They wen 


a 


that Pope Sylvester II was buried in luxurio ar 


sian silk cloth. Queen Elessor, Castilian bride 
of King Edward 1, brought Andalusian carpets ti 


England as precious items of her dowry in 


By the a7th century, trade relations with Eng 


i! 


d were booming coincidi 


Persian textiles, In 26 


tted England with 2000 bales to encourage 


trade, and siter this Persian silk wus at the top 


the list of imports, Three yea 


Royal Anne brought in 11 bales of Pi 


which came vie Surat to England. The king at the 


fascinated with Persian silk 
silk indus 


ums and made spe 


time, Je L was 


that he considered establishing 


England. He acquired silky 
cial arrangements for their nursery at his country 
estates and Whitehall gardens. He also ordered 


Frenchman John Bonoeil 


the manager of the 


royal silk w e dealing 


with techniqu 
publist 


Around the same time, trade with India was 


ved in 1622 


prolife, thanks to the ec 


Company in introducing Indian chintz tw Eng 


land. This fabric was cotton painted w 
elements, which provided a model for Buropean 
cotton as well as wallpaper production. 

By the 17th century, t 
Muslim world were all 


les imported from the 
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geois European society, and local industry was 
threatened Local silk weavers complained in 1685, 
while Freneh and British silk ar 

sought bans on the East Indis Company, unwill 


d woo! merchants 


ing to suffer competition from the foreign textiles, 

The British government reacted. in 1700 by 
introducing a mandatory act restricting the 
import of silk from Muslim lands, which also 
prohibited the importation of Indian chints. and 


Persian and Chinese fabrica 


An illustration from Maqamat al-Hariri shows a girl 
working at either a spinning wheel or a spool-winding 
machine in Baghdad, Iraq. 


Fine silk did not come only from Persia, as the 
Turkish textile industry produced it as well, ft was 
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950, where the Andalusians 
the town of Jativa, 


oon took it up, and 


ear Valencia. became famed 


for its manufacture of thick, glossy paper, called 
Sharibi. Within 200 years of it beina produced 
in Baghdad's mills, paper was in general use 


throughout the Islaraic world. 
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the making of paper 
The first paper mill in istian Europe was 
established in Bologna in 1293, and by 1309 the 


led. With 


ced books 


f paper in England was r 


all thi 
the diffusion of knowle 


i more cheaply pr 


per ar 
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Europe sped up 


Danish historian Johannes P 


by manufacturing paper on a | 


Muslims "accomplished a feat of erucial 


cance not only to the history of Islamic books but 


also to the whole world of bo 


DECORATING PAPER 


uslims developed techniques for deco- 

rating paper that are still used today in 
writing paper and books. One was marbling, 
which gave the paper a veined fabric look, and 
was used to cover important manuscripts, 

The word for marbling in Turkish is ebru, 
which means cloud or cloudy, or abru, which 
means water face. Ebru comes from one of the 
older Central Asia languages, which means 
“veined fabric or paper.” Its origin might ulti- 
mately go back to China, and it was through 
the Silk Route that marbling came first to Iran 
and then moved toward Anatolia, picking up 
the ebru name. 

At the end of the 16th century, trades- 
men, diplomats, and travelers coming from 
Anatolia brought the marbling art to Europe 
and after the 1550s it was prized by European 
book lovers, and became known as “Turkish 
paper" or “Turkish marbled papermaking.” 
Later, it was widely used in Italy, Germany, 
France, and England. 

Texts about ebru, like Discourse on Deco- 
rating Paper in the Turkish Manner, published 
in 1664 by Athanasius Kircher, a 17th-century 
German scholar in Rome, also spread the 
knowledge of marbling art. 


Marbled paper wos prized by r6th-century 
Europeans, who called it Turkish paper. 
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1001 INVEN 


have been made with manganese brawn for the 
painted lines and copper green for the colored 
surfaces. A few centuries later, Al-Andalus had 
cente 


its own f production such as Malaga, 


producing gold luster cis and large jars like 
the “Alhambra Jar." 

BBC presenter Amani Zain, on What 
said, “These 


the Alhambra Jar] were ¢ 


Ancients Did for Us, 


amazing 


vi riginally used 


for storing off and grains, But in the palaces of 
th 


nary beauty: And for those who saw them, they 


MUSLIM TERY 


sy 44 long with the Chinese, the potters of the 
Arab world produced some of the most 
sophisticated and beautiful pottery known to 
the medieval world, When these Arab wares 
managed to reach the Christian west, they were 
highly prized and regarded as luxury items.” 


aliphs their designs took on an extracrdi 


OHM COTTER, LEADING ARCHAEOLOGIST, WHITING ABOUT 
THE ISLAMIC POTTERY FOUND AT THE LONGMARKET 
PACAVATION IN CANTERBURY, [GLAND 


A market stall deploys pottery in North Africa 


must have thouglt they'd been made from pre- 
cious metals.” 

Ordinary people needed practical pots, and in 
Spain the most popular pot was a qddés, which 
carried water on the norta, a waterwheel, which you 
1 about in the Water Supply section of this 


can 


chapter It became the universal unglazed pot, and 
must have been the mainstay of the rural pottery 


industry until it was replaced by tin fairly recently. 
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As P cing the necessary water 
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th century were replacing Byzantine mosa 
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These glazed faience 
still famous. We know that the 


de, which the azulejos are 


came from the east to Malaga, 


ead to Murcia, then to 
Spain ard Val 


tury, and the: coma. 


Turkey wus a thriving pottery center 


craftsmen crowded here, tx 


the city of 


Konya, as they fled from invading Mongols. The 


Konya at the beginning 
of the 14th century brought the ceramic produc 


tion of Anatolia to a standstill, but it was to have 


al when the Ottoman Turks made 
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ine buildings cx 
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Even busier in production than Bursa was 
lanik, which 


and it flourished for two centusi 


was the real center of the industry, 
tom the end 
af the 14th century: A typical Isnik decoration was 


MARKETS I 


tenth potters in Turkey made this serpent dish in the 
early 16th century, 


painted on slip, in cobalt blue, turquoise. and green 


(from copper), outlined in black witk 


tornato red in low relief up 
from rectangular tiles, wer 


four Bowers traditionally being used. These were 


the rose, jasmine, carnation, and tulip. 
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modes and methods of pottery production, mate 
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Europe until Muslims intr 


not known in 
it to Spain in the ninth century 

There is plenty of evidence today that Muslim 
s Malagan pot 


pottery did travel outside Spain 


tery has been found in England; 44 pieces of Moor 


ish luster were discovered dating back to the late 
13th and 14th centuries, and another 22 pieces were 


from the O90, exca- 


5th century. More 


vations in Longmarket in the center of Canterbury 


uncovered a large amount of Islamic 


turquoise blue pottery. 
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in England. 


“Some pots may have made their 
land in the baggage of Crusad 
Another 


possibility is that medieval pilgrims either to the 


way back to Ex 


ers returning from the Holy Land 


Holy Land or to the famous shrine of St James 
at Compostela 
be 


On rare oocasions the route wa 
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Spanish wile of England's Edward L, order 
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ertainly refers to 


hold. In this case Malik almost 
Milaga—the main center for Andalusian luster 
wares (Malika is the Arabic name of Malaga.) 

A 14th-century luster dish was found at a site 
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the tree of life and with Kufic insenpt 
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Another famous ceramic brand left to us by 


Muslim potters is the socalled Maiolica ¥ 
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lands, which were under Muslim rule until 


Italian ships, mainly Genoese and \ 
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tian, often called there to collect tin-glazed 


brought 


pottery and recruit Moorish potters, w 


to Sicily the Majorcan pottery style. This was 


gradually established as ding style, becom 


*nowned as “Majolica” or “Maiolica 


nce the isth cent Maiolica has reached 


an astonishing degree of perfection, using the 


Sine production and decorative techniques as the 


Andalusians and Egyptians. Later, Italian artists 


developed it into new varieties, like Gubbio luster 


which came in greenish yellow, strawberry pink, 


a ruby red. This Majolica pattem has dominated 


in Italy till the present time 
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gilded and enomeled Egyptian glass bottle reads, 
“Glory to our Master, the Wise, the Just King,” 
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CLOCKWISE FROM TOF LETT: showing the front and back 
of each coin: Two early Umayyad coins, 691-692—the 
lower coin shows the column placed on three steps 
topped with @ sphere, replacing the Byzantine cross. A 
atlver Nosrid dirham of Muhammed I, Granada. Early 
Fatimid coins, Al-Mahdiya, 949. A gold Nasrid dirham 
of Muhammed XII, Granada. A gold dinar of Caliph 
Abd al-Malik from the Umayyad dynasty, 696-697. 


Both dinars and dirhams were t 


ent Muslim rulers, The first caliph to make h 
coins was Umayyad Caliph Abd al-Malik ibn Mar 


wan, who ruled fr dinars were 


the Brst gold coir ription, as 


previou 


old and 


and g per Byzantine coins. By making 


his own coins tn 691 or 692, Caliph Abd al-Malik 


ent from Byzan 


could now keep his rule in: 
tlum and unify all Muslims with one currency 


This new coin was copied from the Byzantine 


currency, the solidiis, It was similar in both size 


and weight, and on the face were thre nding 


figures, like the Byzantine coin, which had the 


figures of Heracles, Heraclius 
Heraclonas. A big difference was the Arabic tes- 


timony of Islam surrounding the design on the 


reverse; “There is no deity but Allah, The One, 


Without Equal And Muhammad is the Apo 
of Allah.” 

The Byzantine emperor was furious with this 
dex 
and he refused to accept it, re 


lopment, a5 new money meant Competition 


sponding with a new 


coin. This angered Caliph AbdalMalik, who made 
another com with an upright figure of the caliph, 
and hold 


f Islarn on 


wearing an Arab headdn 


again with thy 


re the o 


» datedl Only eight of th 
dir 


the new Islamic calendar, have survived 


early Aret dated according to 


The coin throwing continued. and true to form 


itine emperor replied with yet another, 


FABLED CO! 


here are two fabled Islamic coins, the One 
Thousand Muhurs and the One Hundred 
Mubhurs, The first weighed in at 12 kilograms 
(26.5 pounds) of pure gold and the second 
was a baby in comparison, being a mere 1,004 
grams of pure gold, Their estimated value today 
is about $10 million and $4 million, respectively. 
The coins were originally minted for the 
Mogul emperors Jahangir, son of Akbar the 
Great, in 1613, and his son Shah Jahan, best 
known for building the Taj Mahal in 1639. The 
coins were presented to the highest dignitaries. 
The One Thousand Muhurs was huge at 
20 centimeters (8 inches) in diameter, and 
over the centuries four or five were mentioned 
as having been reserved for the ambassadors 
of the powerful rulers of Persia. Only one 
comparable coin is recorded from a plaster 
cast in the British Museum, a Two Hundred 
Muhurs, last reported in India in 1820 and 
since lost. None of the legendary giant gold 
Muhurs are known to have survived, and it is 
assumed they were melted down for their bul 
lion value. But we know they did exist because 
travelers mentioned seeing gigantic coins in 
the treasury of Shah Jahan, 
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1OOL INVENTIONS: THL ENDURING LIGACY OF MUSLIM CIVILIZATION 


“Fatimid coins 


were of such 
high quality and 
so abundant 
that they became 
the most widespread 
Mediterranean world,” 


WHOAN ALL SOMNCE HISTORIAN 


a decree making it the only currency to be used 
throughout Umayyad lands, All remaining Byzan- 
tine and Arab-Byzantine pieces had to be handed 
to the treasury, to be melted down and restruck 
Those who did not comply faced the death penalty. 

The new gold dinars weighed a bit less than 
the solidus, and the state controlled the accuracy 
of their weight along with the purity of the gold 
used Umayyad gold coins were generally struck 
in Damascus, while silver and copper coins were 
minted elsewhere. 

After this first coin, more of different values 
were struck and after conquering North Africa 
and Spain, the Umayyads established new mints, 
each producing coins with the name of their city 
and date of minting. 

The dinar continued to be the main currency 
used until 762, when Caliph Al-Mansur built Bagh- 
dad and the gold mint moved to the new capital 
The names of persons responsible for the coins 
began to appear on silver coins called dirharns. 
But these had a short life because the next caliph, 
Harun al-Rashid. abandoned them when he came 
to power in 786, He minted dinars with the names 
of governors of Egypt instead, using the two active 
mints we know about, one in Baghdad and the 
other in Pustat. the seat of the governor of Egypt. 

The Fatimids, who ruled between 909 and 
171, used dinars with Kufie scripts, and these 
became the most widespread trade coins of the 


Mediterranean world because of their high qual- 
ity and because there ‘were so many of them. 
When the Crusaders capnired Palestine, they 
copied these coins instead of striking their own, 
and these ranged from excellent copies of the 
original to bad imitations. 

It was from Andalusia that gold dinars traveled 
around Europe from around 711 Then, under the 
Nasrid rule in Granada from 1238 to 1492, the dinar 
became the dirham. These coins were heavy, care- 
fully struck. and bore long legends with passages 
from the Quran and the rulers’ family trees. None 
of the Nasrid coins showed a date, but they are 
identihable by their motta, “None victorious save 
God” At the same time, in the Christian kingdoms 
of the north. Arab and French currencies were the 
only ones used for nearly 400 years. 

After the 13th century, the Muslim Caliph: 
ate went from being ruled by one caliph to 
many small dynasties, each producing their 
own coins. Like currencies today, they carried 
the names of various governors from the semi 
independent states. These were all minted 
independently. but still acknowledged the nom- 
inal leadership of the caliph, 

Like today, coins were not the only ways of pay- 
ing. Checks were around centuries ago as well. 
"Cheek" comes from the Arabic sakk a written vow 
to honor payment for merchandise when its desti- 
nation is ached. In the time of Harun al-Rashid 
in the ninth century, under a highly developed 
banking system, s Muslim businessman could 
cash a check in Canton, China, drawn on his bank 
account in Baghdad. The use of saltk was born out 
of the need to avoid having to transport coin as 
legal tender due to the dangers and difficulties 
this represented Bankers took to the use of bills of 
exchange, letters of credit, and promissory notes, 
often drawn up to be, in effect, checks In promet- 
tag the concept of the bill of exchange, sakk, or 
check, Muslims made the financing of commerce 
and intercontinental trade possible. 


“Twelve hundred years ago, \ 


aliphs ruled the Mustirr 


He introduced silver coins to his k m—and also minted 
3 ilver coins. The extraordinary thing about the Mancus wa 
of the Abbasid Caliph Al-Mansur dated 157 774 arty 
There is no Deity but Allah, The One, Without £ qual, and Mohar 
A significant diff 


erence from the original dinar 


is that King O' 


n of OFFA REX. Scholars have puzzled over why an English king would have made a replica 
Arab coin. Some say he had converted to Islam, but the more likely explanation is that it was produced 
for trade yu they traveled through Arab lands. The cain most « aly wo 

have beer A man because there is no understanding of the Arabic text: "OFFA 
REX 4 slat the Arabic Kufic script, and the word “year” is misspelled in Arab 


pied by Anglo-Saxon craftsmer 


the internat 


ce of how far Islamic ¢ 


entu 
Archaeologis € fe usands of Muslim coins ir land, and Scand 
navia, showing that this currency was transported and tra s across Eu 

King Offa wa t the only non-Muslim ruler to make an Arabic coin. An nith-century Spanish ¢ 
lic prince, Alfonso Vill ting of a decorative coin on which the inscriptions we writter 
in Arabic and on which t elf as the “Ameer of the Catholics” and the pope in Rome a 
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HOSPITAL DEVELOPMENT 
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hospital thar provided free treatments and medicines 


for patients 


Al-Mansur Qalawun, was still a prince, he fell 

ill with renal colic during a military « i 

tion in Syria. The treatment he received in the 

Nuri Hospital of Damascus was so good that h 

vowed to found a similar institution as s¢ 

he ascended t e th True to hi I 

built the AlMansuri Hospital of Cairo and said, 

1 hereby agf. f rer 

my equals and my inferiors, for the 

th ice, the large and the smiall, the 4 
was t with { 


entranc 


8, each having a foun 


The king made sure it was prof 


physicians and fully equipped for the care of the 


@ and female attendants 


sick. He appointed mai 


j 


to serve male and female patients who were 


housed in separate wards Beds had mattresse: 


and specislized areas were mai Running 


vided in all arens 


one part of the building the 


he ninth-century Al-Qayrawan hospital 

was @ state-of-the-art institute, with well- 
organized halls including waiting rooms for 
visitors, female nurses from Sudan, a mosque 
for patients to pray and study, regular physi- 
cians and teams of Fugaha al-Badan, a group 
of imams who practiced medicine and whose 
medical services included bloodletting, bone 
Setting, and cauterization. It also had a special 
ward for lepers called Dar al-judhama, built 
near the Al-Qayrawan hospital, at a time when 
elsewhere leprosy was deemed an untreatable 
sign of evil, It was financed by the state trea- 
sury, and by other people who gave generously 
to boost hospital income so that the best care 
could be provided 
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TOOL INVENTIONS? THE ENDURING LEGACY OF MUSLIM CIVILIZATION 


o2 INSTRUMENTS OF PERFECTION 


f someone showed you a tray of surgical instruments from a thousand years 
ago, could you tell the instruments apart from modern tools? If you are think- 
ing that the thousand-year-old ones would be rough and crude, read on to 


find out more. 


Mf we journeyed back to tenthcentury southern 
Spain we could look over the shoulder of a cut 
Hing-edge surgeon called Abul Qasim Khalaf thn 
al-Abbas al-Zahrawi, a man known in the West as 
Abuleasis. He would have already written AL-Tasrif, 
his medical encyclopedia, in which he inclided a 
treatise called On Surgery, which introduced a stag- 
gering collection of more than 200 surgical tools 
Apart from some sketches of instruments carved 
in ancient Egyptian tombs, this may have been the 
first treatise in the history of medicine to illustrate 
surgical instruments. In fact, their design was 90 
accurate that they have had only a few changes ina 
millenniurn, and it was these illustrations that laid 
the foundations for surgery in Europe. 

A}-Zahrawi illustrated each instrument using 
clear hand-drawn sketches and also provided 
detailed information on how and when it was 
used. For example, in cauterization he states 
“According to the opinion of the early [physi 
cians] cauterization using gold is better than 
when using iron. In our opinion the use of iron is 
quicker and more correct.” 

He wrote about the scraper [majrad] tool and 
its use when treating 4 fistula in the nose “Doe 
tors give the name ‘fistula’ to what laymen call ‘a 
quill’ When you have treated it with cautery or 
with caustic acoording to the instructions given 
previously, and it is not healed, there is no clear 
method of treatment except to cut down on the 


tumour at its ripening and let out all the humid 


ity or pus therein, till you reach the bone. When 
the bone is reached and you see necrosis or 


A 1964 Syrian commemorative stamp shows an artist's 
impression of tenth-century Spanish Muslim surgeon 
Al-Zahrawt, 


blackness, scrape it with an instrument like this 
picture. It is called ‘rough-head’ and is made of 
Indian iron. Its head is round like a button but 
is engraved with markings finely engraved, like 
those of s file or a rasp. Place it an the site of the 
diseased bone and spin it between your fingers, 
pressing down a litle with your hand, till you 
are sure all the diseased bone has been scraped 
away. Do this several times, Then let the place 
be dressed with stanching and styptic remedies, 
4nd if the place heals and flesh is generated 
there and the flow of sanies [pus from a wound] 
is stayed and there is no return after leaving for 


basceaces 


MEDICAL TOOLS 


SURGICAL PRECISION 


Life-Saving Instruments We Still Use Today 


tecacy: Developed more than 200 instruments, many used 
in modern-day medicine 


Location: Cordoba, Spain 
care: 1oth-11th century 


xty ficune: Al-Zahrawi, surgeon 


<1, Calpels and knives, saws and scrapers, drills and forceps, The tools of surgery have changed 
NS surprisingly little over the last thousand years. Records left by Al-Zahrawi, a Surgeon and 
scholar who lived in Spain at the height of Muslim civilization, show that he developed and used 
more than 200 medical instruments, many of which we still know today. 

Born in Cordoba in 936, Al-Zahrawi, known as Abulcasis in the West, was a physician who car- 
tied out hundreds of operations and treatments during his lifetime, developing new techniques 
and treatments with which to improve his patients’ prospects, 

Al-Zahrawi wrote eyewitness accounts of his work and that of his peers in a 30-volume 
compendium called Al-Tasrif, which covered a huge range of medical situations, dental and 
surgical techniques. His writings also covered drug remedies based on mineral substances, 
herbs, and animal products. 

The book was the first to illustrate surgical instruments, showing sketches of their form and 
describing how and when each one should be used. Although surgery was still dangerous and 
painful, suitable tools would have helped to treat patients suffering from bone diseases, turnors, 
bladder stones, and wounds, as well as assisting in childbirth, 

Al-Zahrawi's sketches show scalpels, sharp and blunt hooks, scrapers, and saws. While many 
look very familiar today, others were further developed. In the 12th century, a doctor from Seville 
called Ibn Zuhr improved one tool by adding a diamond tip. 

In Al Tasrif, Al-Zahrawi described correct- 
ing dislocated shoulders, setting broken 
bones in plaster casts, replacing missing 
teeth with replicas, and trying to treat cancers. 
His wealth of personal experience seemed to 
stand him in good stead with his patients. 

In a typically sensitive gesture, he 
designed a knife with a concealed blade 
intended to calm nervous patients, This 


@ A manuscript describing surgical instruments 
of Al-Zahrawi shows saws, or Minshar, of 
various shapes and scrapers, or Mijrad, 

used in orthopedic surgery 
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An artist's rendering shows Al-Zahrawi performing surgery. Al-Zahrawi shared all he knew about 
medicine in his yo-volume encyclopedia Al-Tasrif. Of the 200 medical tools he sketched and described, 


many have changed little in a thousand years. 


combination of bedside manner and innovative approach earned him the role of court physi 
cian to the ruler of Muslim Spain 

One of Al-Zahrawi’s most memorable innovations was the systematic use of catgut for stitch- 
ing a patient internally after surgery—as surgeons still do today. This idea, along with many others 
that Al-Zahrawi proposed, still bears a strong resemblance to the way modern medicine works 

n fact, through hospitals, medicines, and surgery, the modern world of health and medical 
treatment has countless links with the past. In early Muslim societies, a health care system 
developed that offered pioneering surgery, hospital care, and an increasing variety of drugs and 
medicines developed from ancient knowledge and new research 

Al-Zahrawi's innovations and observations spread into Europe when Al-Tasrif was translated 
into Latin by Gerard of Cremona, influencing medical practice right up to the Renaissance. Along 
with other medical writings from Muslim civilization, it was used as a manual for surgery in 


medical schools for centuries. 
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Tor: Al-Zahrawt introduced catgut for internal 
stitchin: 


in the tenth century, and it ta still widely 


ay, BOTTOM: Modern surgical tools used in 
operating rooms differ little from those 
invented by Al-Zahrawi 
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Physician Serefeddin Sabuncuoglu fram Amasya, Turkey, showed various sur 
gical procedures in his 15th-century Cerrahiyyet'ul Haniyye 
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A thousand years ago, patients were treated in hoapitals 
for a wide range of health issues—just os they are today. 


the external one to prevent leakage of urine. The 
stones should not be pulled our but extracted 
by forceps, and big ones should be broken and 
delivered out bit by bit. This demonstrates their 
care to avoid damage to the tissues, excessive 
bleeding, and formation of any urinary fistula 
Al-Zahrawi also said every piece should be 


“Surgeons t be very careful 
when they take the knife! 


Underneath their fi 


stirs the Culprit—Life!” 


EMIT DICKINSON, AMERICAN POET 


removed because even ifone is left it will increase 
in size, This advice is stil] stressed nowadays. 

In gynecology, his work along with that of 
other Mualim surgeons, was pioneering He gave 
instructions for training midwives on how to per- 
form unusual deliveries and remove the afterbirth 
He also designed and introduced vaginal specula 

There were many other medical doctors 
and surgeons in the Muslim world who carried 
out groundbreaking work, including Ibn Sina 
in the 1ith century, who was from present-day 
Uszbekistan, He wrote Canon, which addressed 
the breadth of medicine, and you can read more 
about him in Ibn Sina’s Bone Fractures 

In the opinion of Ibn Sina, cancer, o/-sarcran 
in Arabic, was a cold tumor that did not get 
inflamed, and was painless at first. Certain 
forms became painful and often incurable when 
they reached an advanced level. He said can 
cer grew out of the center just like the legs ofa 
crab, from which it took its name. The internal 
cancers appeared without the patient's aware 
nese, and despite their pain, patients could live 
quite long with them. The only forms of cancer 
upon which the surgeon could intervene were 


HOSTITAL SURGERY 


the "limited cancers.” Here, the 
inelsion had to be perfect, so 
all of the tumor would be 
extracted. However, sur 
gery was not always 
conclusive and definite, 
for the cancer could 
often reappear. Ibn Sina, 
in fact, advised against 
the amputation of the female breast, for 


1 
eier 


it favored the spread of the disease. He sug rac@) 

gested that oxide of copper or lend, although ta 4 ; 
unable to cure the cancer, could be efficient in >: ete 
stopping the spread of the disease. ra O% 
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Ibn Sina, like Al-Zahrawi, spoke on many 


~—— 
a 


topics. On the retention of urine due to a blad 


“~~ 


der stone he explained: “If the patient lies on 


his back and his buttocks are raised and he was Sa) 
shaken, the stone moves away from the pas- fare 
sageway urine streams out, it may also be re) Nast 
easy to push away the stone by a finger in the can 
rectum ... If that does not work, use a catheter Se 

ena 


to push the stone back , . . If it was dificult to be 


ie 


passed do not push hard.” This is similar to how 
modern urologists handle an obstructing poste- 
rior urethral stone. They push it back either by a 
catheter or endoscopically, 

According to Ibn al-Quif, a rath century Syr- 
ian physician, surgical treatment of large bladder 
stones was easier than that of small ones because 
the large ones elther stopped in the urethra or 
were in the cavity of the bladder, and here they 
could be more easily felt, 

From all this evidence. we can see that a thou 


sand years ago nailing people were treated in 


+ 
hospitals and looked ufter incredibly well. Untike Yee", 
today, we do not have survival rates or statistics e., sof 
ox 
of success, but we do have copious notes from ta ‘@) < 


the great surgeons of the time. These notes of fared 
practices and research changed surgery irrevers art 


ibly, for the betterment of all. even those of us in 


Sed 
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the 2ist century. 
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1001 INVENTIONS: THE LNDUNING LEGACY OF MUSLIM CIVILIZATION 


04 BLOOD CIRCULATION 


gin of the blood, believing food reached the liver from 


the in 
would be flled » 


journey to the heart. 


Then Galen, a Greele physician and scholar in 
the second century CE, made further observa 
tions, He said that the blood reaching the right 
side of the heart went through invisible pores in 
the cardise septum to the left side of the heart 
Here it mixed with air to create spirit and was 
then distributed to the body. 

For centuries, this explanation wss accepted 
as the truth until William Harvey performed 
groundbreaking research into the circulation of 
the blood and the function of the heart in 27th- 
century Europe. Harvey argued thar the heart 
was at the center of the circulatory system, and 
he was known as the person who discovered how 


our blood travels around our bodies. 


But in 1924 a very wnportant manuscript was 
found and made known to the world by an Egyp: 
tian physician, Dr, Muhyi al-Deen al-Tattawi. This 
discovery revealed a much earlier first descrip 
tion of pulmonary circulation. 

This manuscript, Commentary on the Anat 
omy of the Canon of Avicenna, was written by 


thn al-Nafis, a Muslim scholar born in Damascus, 
Syria, in 1210 and educated at the famous Nun 
Hospital When 


Cairo by the sultan of Egypt to work as the prin- 


graduated,” he was invited to 


cipal of the Nasiri Hospital, founded by Saladin. 

As well as having a busy professional career 
as a physician and legal authority, [bn al-Nelis 
wrote a number of books on a vanety of subjects 


including Commentary on the Anatomy of the 


2 of Avicenna 


he ancient Greeks thought that the 


stines through the veins, In the liver, blood 
vith “natural spirit” before it continued the 


yer was the ori- 


Avicenna (also known as Ibn Sins) was 4 
polymath who excelled in philosophy. law, and 
medicine. Ibn al-Nafs's treatise, a commentary 
on Avicenna’s monumental Canon, was ground 
breaking its own way, In it, Ibn. al-Nahs accurately 
described the pulmonary circulation, explaining 
the role of the heart and lungs, and emphasizing 
that blood was purified in the lungs, where it was 
feined on contact with the air inhaled from the 
atmosphere outside the body. 

On how the blood's pulmonary circulatory 
system worked, Ibn al-Nafis explained that the 
system was based on the movement of blood 
from one chamber of the heart to the lungs and 
then back to a different chamber of the heart. 
According to him, blood enhanced with viral 
pneurna (air from the lungs) flowed through the 
arteries to all parts of the body. His innovation 
was to say that the venous blood from the right 
ventricle of the heart (to be enhanced with air 
from the lungs) had to pass through the lungs 
before entering the left ventricle, at which point 
it could enter the arteries ss arterial blood. 

In his own words he said: “The blood from 
the right chamber of the heart must arrive at 
the left chamber, bur there is no direct pathway 
between them. The thick septum of the heart is 
not perforated and does not have visible pores as 
some people thought or invisible pores as Galen 


Top: A title page from a book translating the work of 
Greek physician Galen. It was only through Arabic that 
the work of Greek scholars such as Galen could be found, 


aN AL“MANES, NUS! 


z 
. 


THE BLO: 


° the 13th century Ibn al-Nafis 
explained the pulmonary blood 
circulation system, i.e. the sys- 
tem of oxygenation of oxygen:poor 
blood by the lungs. The right ven- 
tricle of the heart pumps deoxygen- 
ated blood to the lungs through 
the pulmonary arteries where it is 
oxygenated and then returned to 
the left atrium of the heart through 
the pulmonary veins. In the 17th 
century William Harvey discovered 
the full blood circulatory system 
in which the blood returns to the 
heart from the body extremities 
(the blue arrows to the heart on 
the diagram). 
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1OOL INVENTIONS? THE ENDURING LEGACY OF MUSLIM CIVILIZATION 


os IBN SINA’S BONE FRACTURES 


bn Sina, known as Avicenna in the West, was so highly regarded that 
Greek physician, and was known 


he was compared to Galen, t i 


as the Galen of Islam. Because of his great fame, many nations com- 


peted to celebrate his annivers 


after his death 


To appreciate his contribution in developing the 
philosophical and medical sciences, all members 
of UNESCO celebrated s thousand years after his 
birth in 2980. 

He was born in Alshana, now in Uzbekistan, 
and left age 21, spending the rest of his life in 
various Persian towns, becoming a renowned phi 
losopher and medical doctor. Through his life he 
composed 276 works, all written in Arabic, except 
for a few small books written in his mother tongue, 
Persian. Unfortunately, most of these works have 
been lost, but there are still 68 books or 
treatises available in Easter and Western 
libraries. 

He wrote on all branches of science, but 
he was most interested in philosophy and 
medicine, so some recent historians called 
him a philosopher rather than a physictan, but 
others say he was the “Prince of the Physicians” 
during the Middle Ages. 

The majority of his work was in medicine 
Forty-three works were in this area; 24 in philoso 
phy; 26 in physics; 31 in theology; 29 in psychol 


ogy: £5 in mathematics; 22 in logic; and § in Quran 


interpretation. He also wrote on asceticism, love, 


and music, and he also wrote some stories 
Al-Qanun f al-Tibb or Code of Laws in Medi 
cine was his most important work, and is known in 
English as the Canon It was written in Arabic, and 
has been described as the rnost famous medical 
textbook ever written, because it is a unique ref 


erence full of all known medical knowledge 


sary, Turkey being the first in 1937, 900 years 


“Medicine was absent 


deficient 


nna [Ibn Sina] 
completed it,” 


Of POURE, FUROFLAN FRYNICIAN 


gathered from many civilizations up to 
his tame. 
Hy the 12th century the essentials of the 
Canon were condensed to make the ideas 
more readily accessible, and commentar- 
ies were written to clarify the contents. The 
most popular short version was called The 
Concise Book of Medicine, written in Syria 
by Ibn al-Nahs, who died in 1288 
The Canon was made up of five books. 
The first was concerned with general medi 
cal principles; the second with materia 
medica; the third with diseases occurring 
in @ particular part of the body; the fourth 
with diseases not specific to one bodily 
part, such as fevers and also traumatic 
injuries such as fractures and dislocations 
of bones and joints. The final book con- 
tained a formula giving recipes for com 
pound remedies, 
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A Book of Medical Knowledge from Many Civilizations 


tecacy: Influenced me 


Locarion: Per 


bate: voth-11th cents 


«ty mouse Ibn Sina, known as Avicenna, doctor and polymath 


“The 1ith-century scholar Ibn Sina wrote and taught widely on medicine, philosophy, and 
l natural sciences. Known in the West as Avicenna, his most influential book was Al-Qanun 
fi al-Tibb—translated as Code of Laws in Medicine, but known most commonly as the Canon, 
In the Canon, Ibn Sina collected together medical knowledge from across civilizations, 
creating a master reference work. Made up of five volumes, the book covered medical prin- 
ciples, medicines, diseases of various body parts, general disease, and traumas. 

Ibn Sina described in detail the causes, types, and complications of fractures, and the 
various ways to treat them. He advised against splinting a fractured limb right away, but 
recommended waiting five days—a procedure now universally adopted. In his writings, he 
included detailed instructions for understanding traumatic injuries to every bone—and even 
described a thumb injury now known as Bennett's fracture hundreds of years before the 
scholar after whom it is named. 

One hundred and forty-two properties of herbal remedies were included in Ibn Sina’s 
Canon. With historical roots in Egypt, Mesopotamia, China, and india, herbs had been 
important to health in ancient Greek and Roman societies. In early Muslim civilization, an 
increase in travel and trade made new plants, trees, seeds, and spices available, along with 
the possibilities of new herbal medicines, 

The Canon was certainly comprehensive—but when Ibn Sina wrote it, nearly a thousand 
years ago, he could not have foreseen how long its wisdom would last. Gerard of Cremona 
translated the Canon into Latin in the 12th century, and soon the medical communities of 
Europe were all using the book, like the doctors of Muslim civilization before them, By the 13th 
century, concise Latin versions of the Canon had been published, along with commentaries to 
clarify its contents. The Canon was still consulted by some doctors until the early 1800s. 

Ibn Sina wrote prolifically all his life—and on many topics. Along with various medical 
books, he wrote 26 books on physics, 31 on theology, 23 on psychology, 15 on mathematics, 
22 on logic, and several influential works of Philosophy. He also found time to write about 
love and music. 

Along with other scholars of Muslim civilizations, Ibn Sina questioned superstitious 
beliefs and sought to develop a rational understanding of the Earth's systems, He discussed 
sources of water and the formation of clouds in his writing, including in The Book of Healing 
a comprehensive chapter on mineralogy and meteorology, examining how mountains form, 
the concept of geological time, and what causes earthquakes, 
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® A tsth-century manuscript shows the opening page of the first book of t 

hich wos orginally called Al-Qanun fi al-Tibb, or The Code of Laws in Medicine. Its author, bn Sina, 
known as Avicenna in the West, influenced medical treatment and thought across Muslim and European 


countries from the rth century until as late as the rgth, 
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o6 NOTEBOOK OF THE OCULIST 


; 
early every m 


some aspect of eye dises 


animal eyes were used inst 


hurnan body was consic 


Idest pictures of th 


Muslim eye surgeons or ophthalmologists of the 
tenth to the thirteenth centuries erforming 
J 
about their findings in textbooks and mono 


operations, dissecting, discovering, and wr 


graphs. According to Professor Julius Hirsch 
berg, an eminent 20th century German professor 


of medicine, 30 ophthalmology textbooks were 


produced, and 24 of them still exist today, 
Modern termas 


ere used like conjunctiva, cor 
f 
de 
of the lid. were also common practice. The treat- 
ment of gla 


nea, uvea, and n 


a. Operations on diseas 


the lids like trachoma, a hardening of the 


jcoma, an increase in the intraocular 
F “headache 


single 


pressure of the eve, under the n 


of the pupil,” was popular, bur the gre 
p by the Mi 


of cataracts 


tribution in ophthalmo 


was in the treatment 

The term for cataract in Arabic is alma’ al 
nazil filayn, meaning “water descends into the 
eye,” which refers to the water accurnulating in 
the lens, naking it soggy and cloudy. 


ere vision, Al-Mawsili, from tenth 


To re: 
century Iraq, designed a hollow needle and 
inserted it through the limbus, where the cornea 
joins the conjunctiva, to remove the cataract by 
suction, This type of cataract operation, among 
thers, is still carried out today with some 
added modern techniques, such as freezing the 
lens before suction, 


Scholars tn Muslim civilization took eye diseases vory 
seriously, just as physicians do today. 


al book by M 


he anatomy of the e 


slims a thousand years ago covered 


2s. Their studies were limited only because 
ad of human eyes, because the dissection 


Jered disrespectful. However, that did not stop 


e from being constructed. 


From his study and practice he then wrote the 
Book of Choices inthe Treatment of Eye Diseases, 
which discussed 48 diseases. This manuscript 
(No, 894) can be found in the Escorial Library in 
Madrid, Spain 

Until the 20th century, Al-Mawsili’s work 
was only available in Arabic and a igthcentury 
Hebrew translation. The German version was 
made as recently as 1905 by Professor Hirschberg, 
who wrote that Al-Mawsib was “The most clever 
eye surgeon of the whole Arabian Literature” 


fHOC RDS 
| KOVR zoo 

PT VRNHZ2 ove Ko 
1 zsvox« HNOnS 


ale waite RG heen 
wee: Saab: a ee 
Ie io NI apat RB ie: 
J aside cis? sans) 5) 
Se MEI Os PR 
iene plo.) 
Sebes ad. VJs! 
* alLlyab_* 


The anatomy of the eye is | 
tise on ophthy n 
During Muslim civilization, Muslt 


wane 
'S:8'S:8 
1 


TSS 


1erereleiere 


Neer 


238") 
O:6-8:6:6:8'8'6'6'6: 


ee ere ere, 


~ 


ere ere: 


we 


J 


ave 


eere 


s 
Q 


SPO 


pee 


es 


res ATT SC 
a vewtanten 


oes 


ae ONE 
vee ewes 


an at 
A Ae 
ee 6%e 0% 


PREVENTING BLINDNESS 


a Me physicians have been in 

the forefront of the effort to pre- 
vent blindness since 1000 c.¢., when al- 
Razi became the first doctor to describe 
the reflex action of the pupil. At about the 
same time, 
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. al-Mawsili invented the 
technique of suction-removal of cataracts 
by the use of a hollow needle.” 
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A stamp (ssued by the Turkish Postal Authority in 1967 
depicts the asoth anniversary of the first emallpox 


vaccination. 
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CLOCKWISE FROM TOP Lert: A vine from a 1sth-century Arabic botanical treatixe. An illustration from Dio 
De Materia Medica depiets the physician handing his student a mandrake root, which was 
effective medicine, A botanical species from a treatise by Ibn al-Baytar of Mdlaga. The tapping of a balsam tree 
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The 1zth-century treatise by Ibn al-Baytar of Mdlaga 
depicts different botanical apeciesthe example at left 
(2 from the manuscript Al-Kafi ond at right from the 
manuscript Al-Filaha. The treatise gives the physiology 
of plants and descriptions of their sowing environment 
as well as thelr maintenance. 
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other me 


cines. 7 


id surface of pottery drug 
ved. NOTTOM: An Arabic edition 
Materia Medica illustrates a 


jars could be eas 


of Dios 


orides's 


pharmacy with chemists preparing medications 


! 


An Arabic manuscript with pharmacological tables 
ascribed to 13th-century Ibn al-Baytar shows descrip 
tions of symptorna, the location of the ailment, applica- 
tions of the medicine, and what dosage should be used. 


between sodium carbonate and potassium car 
bonate, and drew attention to the poisonous 


ally copper 


ni wrote one ot 
field called The Book 


of Pharmacology, giving detailed knowledge of 


most valuable works in 


the properties of drugs, and outlining the 


sand duties of 


of the pharmacy and the 
the pharmacist 

A primary aim of the pharmacists was that 
mak 
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their work had to b 
ing it of maximum practical value to the apoth 


eant that 


eecary and medical practitioner, This 


they listed drugs alphabetically in tables for 


easy referencing and quick usage, and medical 


ssed into Europe 


maceutical information, 


ng i3th-century European pharmacists 


tke Johannes de Sancto Amando and P. 


d’Abano, a professor in Padu: y, from 1308 


to 1316. Works that took thi 


Suropean journey 


included 


y Thn al-Wahd of Spain, who 
was published in Latin more than 56 times. His 


main work was called The Book of Simple Drugs 


The Latin translation, De medicamentis simplici 


. is only a fragment of all his work 
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The cover of a 26th-century illustrated work shows 
Constantine the African lecturing at the school of Salerno. 
Constantine was an 1th-century Tunisian Christian who 
translated medical encyclopedias, 
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First published in 1858, Gray's Anatomy (1 0 leading 
medical encyelopedia today, It follows on the tradition 
begun by Muslims, whose treatises gained equal popy- 
larity at universities 
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TOWN PLANNING 


A painting illustrates a narrow Cordoba street, 
a typical feature of old Muslim town planning 
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TOWN PLANNING 


THE GOOD LIFE 


Gracious Living in the Towns of Muslim Civilization 


«acacr: Old streets still remain intact in some ancient towns, 
providing glimpses of life 1,000 years ago 


Locanom From Cordoba to Damascus and Baghdad 


care: Eighth to sixteenth century 


fyou have ever wished that you could go back in time to see a town as it would have looked a 
thousand years ago, you are in luck, The Spanish cities of Cordoba and Seville still retain areas 
of their old towns in which you can glimpse how life was lived centuries ago under Muslim rule, 


Towns planned in Muslim civilization centered around the mosque, with its crucial role 
in religious and civil life. Nearby would be the market, where traders sold food, spices 
candles, and perfumes. Business districts would also incorporate bookshops, libraries, and 
health centers. 


indeed, early hospitals had a wide role in Muslim society. As well as offering medical treat- 
ment and convalescence, they acted as asylums for those suffering mental illness; they were 
also used as retirement homes, particularly for the poor. The first such hospitals in Muslim 
civilization were in Damascus and Baghdad, followed by the Ahmad ibn Tulun Hospital in 
Cairo, built between 872 and 874. 

Bathhouses, or hammams, were a feature of every town, often in elegant buildings with 
sumptuous tiled walls, fountains, and decorative pools. A visit to the hammam, with its steam 
rooms, heated baths, and cold plunge pools, was part of every Muslim’s daily routine, Men and 
women would bathe at different times of day, and visiting the 


bathhouse would be a social experience full of opportunities 
to exchange news and catch up with friends, 

Away from this bustling center, along narrow streets, you 
would find residential zones, Houses had inner courtyards 
with gardens and terraces, kept private with walls high enough 
to stop a camel rider from peering over. Compared to other 
European cities of their day, these towns were advanced, with 
paved roads, litter collection, and even covered sewers. 

Cérdoba was one of the world's most advanced cities in 
the tenth century, and even had oil lamps to light its streets 
after dark. Farther east in Muslim territory, Cairo had multi- 
Story buildings and roof gardens. 


@ The A-Azhar Mosque, Gairo Egypt, was founded in 972, and is pic- 
tured here in 1832, The mosque played a central role in the everyday 
life of Muslims. it was located in the heart of the city, with hommes 

and businesses branching out from it in different directions 


| 


@ A 16th-century manuscript shows the town plan of Diyobokir in southeast Turkey, 


Gardens symbolized an earthly paradise for many people during Muslim civilization. 
Intended to promote contemplation, gardens and gardening spread across the Muslim world 
from Spain to India, from the eighth century onward. As well as providing food for the kitchen, 
these green spaces with their distinctive features still influence garden design today. 

Geometrical flowerbeds, shallow canals, and fountains emerged as new features of gardens in 
the ninth century. You can still see such gardens surrounding the Alhambra in Granada and the Taj 
Mahal in India—along with similar features in European formal gardens designed centuries later. 

Fountains and garden water features became very popular in palaces and mosques across 
the Muslim world. Although water was scarce in many hot countries of the Muslim world, 
as far back as the ninth century ingenious engineers were applying their skills to creating 
fabulous fountains. Their water displays incorporated jets that changed shape, or later, even 
mechanisms for telling the time. 


IL 


ARCHITECTURE 
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MASTER ARCHITECT SINAN 


he Selimiye Mosque in Edirne possesses 

the highest, most earthquake-defying 
minarets in all of Turkey. It is the work of mas- 
ter architect Sinan, who was the architect for 
the Ottoman Empire. He designed and built 
a staggering 477 buildings during his long 
career in the service of three sultans in Turkey 
during the 16th century, acknowledging the 
importance of harmony between architecture 
and landscape, a concept that did not surface 
in Europe until the 16th century, His Turkish 
designs revolutionized the dome, allowing 
for greater height and size—an outstand- 
ing advance in civil engineering, which later 
became his trademark. 


The Selirmiye Mosque in Edirne, Turkey 
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The pointed arch, found in buildings like 1zth-century 
Bolton Abbey, United Kingdom, may have come to 
Europe from Cairo’s Ibn Tulun Mosque, built in @76 
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Ribbed tunnel vaults at t2th-century Ste -Marie-Madeleine 
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® Semicircular Dome 


The er z torm of the 


TOP: St. Paul's Cathedral in London shows Sir Chiristogiher 
Wren's adoption of the Lelam-inapired architecture of the dual 
ity of dome and towers. BOTTOM: Semiciveular domes at the 
Sultan Ahmed Mosque, or Blue Mosque, in [stanbul, Turkey. 


@ The Bulbous Dome 


@ The Duality of Dome and Minaret 
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SULEYMANIYE MOSQUE 


POWERFUL DOMES 


New Building Methods That Exalted the Heavens 


uecacy: The influence of Muslim architecture spread around the world 
Locarionw:; Istanbul, Turkey 
pare: 15th century 


«ty Ficuet: Sinan, architect 


rom the Dome of the Rock and the Church of the Holy Sepulchre in Jerusalem, to St. 
F Peter's Basilica in Rome, Hagia Sophia in Istanbul, and the Taj Mahal in Agra, some of 
the world's most memorable buildings are roofed with domes. The Byzantines and Persians 
were the first to build great domes, But as Muslim architects adopted and improved upon 
them, their popularity and diversity increased. 

Domes appealed to many Muslim building designers. To them they symbolized the vault 
of heaven, and the overarching power of God, In mosques, a dome could emphasize a signifi- 
cant area of the building such as the mihrab, a niche in one of the walls indicating the direc- 
tion of Mecca, Domes appear on churches, palaces, and public buildings as well as mosques, 
taking different shapes reflecting the local culture. 

Born in 1489, Sinan started out as a humble stonemason and carpenter, learning his father’s 
trade. But he went on to become chief architect in the Ottoman State, a coveted role he held 
during the reign of three sultans. He designed and built more than 470 buildings in his lifetime, 
developing techniques to construct taller and wider domed roofs than had ever been seen before. 

Sinan designed and built impressive schools, mosques, and public buildings, approach 
ing his work with an eye for harmony between archi- 
tecture and the landscape. His work appeared in 
Damascus, Mecca, Bosnia, and elsewhere, but per- 
haps his most impressive building is his last, the 
Selimiye Mosque in Edirne, Turkey. 

How much did the architecture of Muslim civi- 
lization influence other cultures? In the domes, 
arches, and towers of buildings across the world, 
we see strong echoes of ideas that developed and 
grew in Muslim lands. Travel and trade increased 
the interchange between nations, spreading new 
architectural ideas through fashion or because the 
ideas offered practical ways for constructing larger 
or stronger buildings 


® An illustration depicts Russian architecture, showing 
bulbous domes at an orthodox church 


@ Byzantines and Persions were the first to build great domes, but Muslim architects adopted and improved 
upon their ideas. The Dome of the Rock in Jerusalem dates from 691. 


But ideas also spread via other routes. The Normans, as they conquered areas of 
Europe, encountered Muslim architecture in Sicily, resulting in the emergence of a distinc- 
tive Gothic style. Because of high-profile marriages such as that of Edward |! and Eleanor 
of Castile in 1254, English architects at court came to know and adopt Muslim architectural 
ideas into royal chapels and palaces. 

Onion-shaped domes are well known today in Russian Orthodox churches and were 
particularly popular throughout the Mughal Empire in India. In the mid-17th century, Sir 
Christopher Wren drew consciously on Muslim influences when he designed St. Paul's 
Cathedral in London, with its combination of dome and towers 

Domes form part of the fairy-tale appearance of the Sea Cathedral in Kronstadt, near St. 
Petersburg, built in 1913. The Kremlin in Moscow is also topped with domes. Brighton's 
Royal Pavilion, designed by John Nash in 1815 for the Prince Regent, features the bulbous 
onion domes that had been popular throughout the Mughal Empire in India 
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The Taj Mahal, in Agra, India, was built in 1630. 
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European caaties, like this one in Bavaria, Germany, 


imitated the designs of castles in Syria and Jerusalem. 


® Bonding Columns 


Muslims al ised bonding hurnr ice 


® Machicolations 
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® Battlements 


Battlements are a series of son 


bul in modern times they are rative. They 
became popular in Europe in the 12th century 
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Tor: A drawing shows an early s6th-century modal castle 
Two of these models would be wheeled into a large field 
and would hold 6o fighting men, in full army dress, ready to 
practice military maneuvers. NOTTOM: The Crusaders were 
(pressed by Saladin's round towers and built similar 
towers in Europe, This example is in Fodzamere, Poland. 
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The exterior of the public bathhouse in Thilist, Georgia, 
ks covered with dazzling and colorful tiles. 
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A i6th-century mintature from the Hunername, by 
Mehmed Bi 


| of Sultan Selim f. Ti 


shows the ascension to the throne 


various uniforms classify 

| ranks in the government. A senior officer is leaning 
to kiss the hur of the sultan’s cloak Kissing the horn 

| 1 an Ottoman tradition to demonstrate loyalty 
and obedience. 
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European glasshouses, or conservatories, evolved 
from koaks built at the Tepkapi Palace in Istanbul. 
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®@ The Banu Musa Brothers’ Fountains 


Islim engineers spent a f time 


Tor Water features a: 


fountains are a svothing sight 
in gardens across the world. voTTOM: The Lion Fountain 
at the Alhambra, Spain, is more than 6§0 years old. It 


‘9 spurt out of th ns ino consecutive manner 


such that the water emerging from the first lion indi 


| cated one o'clock, and 20 on for each hour, 


ye 
THE THREE BASIC STYLES OF FOUNTAIN BY THE BANU MUSA BROTHERS Ifthe: 


he balance was a pipe that carried the water from the main reservoir and had two positions: Pe > 

horizontal and raised. When horizontal, water went from the reservoir to the left tank, which 
fed pipes that went through to the bud making a spear-shaped fountain. As this was happening, HTN 2 
small containers attached to the arm of the balance slowly filled with water. These eventually tipped =e 0 
the balance arm to its raised position. When raised, water from the main reservoir was channeled Wy Ly 
into the tank on the right, feeding the shield-shaped bud. The small containers on the side slowly "ae 
emptied, until the balance returned to its horizontal position and the process repeated over and er 
over as long as there was water in the main reservoir. 1 


An illustration shows the three main design 


f fourttain by the Bonu Muto brothers 
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CHAPTER SEVEN 


“The Earth is spherical despite what is popularly 
believed... the proof is that the sun is always 
vertical to a particular spot on Earth.” 


WON HAZM, A TENTH-CENTURY 
MAN OF LETTERS FROM CORDOBA, SPAIN 
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PLANET EARTH * EARTH SCIENCE ¢ NATURAL PHENOMENA 
GEOGRAPHY * MAPS * TRAVELERS AND EXPLORERS * NAVIGATION 
NAVAL EXPLORATION * GLOBAL COMMUNICATION 
WAR AND WEAPONRY * SOCIAL SCIENCE AND ECONOMICS 


TODAY, EVERYONE CAN EXPERIENCE A DIFFERENT COUNTRY FOR THE PRICE OF AN AIR TICKET, 
but globe-trotting is not a modern concept. Even though they did not have planes, trains, or 
automobiles, medieval Muslims were inspired to travel as pilgrims on the annual hajj to Mecca, 
to gain knowledge, and for trade, They were renowned for discovering their world. From their 
experiences we have comprehensive travel books that show us the medieval world in detail. 


Medieval Muslims were also making observations and calculations about their surroundings to 
make sense of their environment. Al-Biruni discussed the theory of the Earth rotating on its own 
axis 600 years before Galileo, while also explaining the ebb and flow of tides. Others noted why 
the sky was blue, causes of rainbows, and size of the Earth's circumference, Communications 
were improving and the desire of one sultan s thousand years ago to eat fresh cherries initiated 
the birth of pigeon post, or mail. The previous century saw Al-Kindi laying the foundations for 
code breaking, which led to passing secret messages in times of war. Open this chapter to sense 


the global vision of pioneers of a thousand years ago. 


orrosits: Muslim explorers were renowned for their eyewitness accounts of the world in which they traveled. 


Observing the seasons of the year 
led Muslim scholars to study and 
caleulate the tilt of the Earth. 
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o2 EARTH SCIENCE 


uslim civilization was out 
/ | universe, humanity, and life. M 
about the origin of minerals, 


The ancient Egypti 


, Mesopotamians, Indians 
Greeks, and Romans knew of certain varieties 


of mineral, precious stones, and ns. Most of 


the lands of these ple became part of the 


hate. Once their writings on 


Islamic State or Calip 


gems and minerals, like other subjects, had been 


translated into Arabic in the first 300 years of the 


Islamic world, Muslim se 


s and explorers 


carried on the work and research 


The enormous area that the mic world cov 
ered meant that Muslims could study and develop 


earth sciences not only in the Mediterranean area, 


as the Greeks had done, but also in E 


pe 


and Africa. Knowledge of minerals, plants, and 
animals was gathered from areas as far away as 


the Malay 


such as tith-century scholar Ibn Sina’s 


ands and brought together in books 


The Book 


of Cure, which was essentially an encyclopedia of 


philosophy and natural sciences 


natural outlook t 
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Ibn Sina, known as Avicenna in the West, w: 


nat the hex 


true product of Muslim civil 
its scientihe growth, but he is better known today 


1 earth = 


in medicine and philosophy 


However, in his Book of Cure there is an impor 
tant chapter on mineralogy and meteorology. 


where he presented a complete coverage of the 


knowledge of his day regarding t happens on 


the Earth. Through its Latin tra 


ation it Be: 


known in Re where it was a 


source of inspiration t 


al thought in Europe, me 


Early s1th-century scholar Al-Biruni spent most of his 
time studying in India, where he correctly identified the 
sedimentary nature of the Ganges River Basin 


Germs and minerals fascinated ancient peoples, 


“ | bought some raw pebbles brought 
from India. | heated some of them, they 
became more red. There were two very dark 
pieces, one was with reddish color, the other 
was less red. | put both pieces in a crucible 
and directed the flame at them for a period 
sufficient to melt 50 mithgal of gold. | took 
the pieces after they cooled, | noticed that the 
less red piece became purer with a rose red 
color. The other, deep red piece lost its color 
and became like Sarandib [now Sri Lanka] 
quartz. | then examined this latter piece and 
found that it was softer than the yaqut [ruby] 
.. | concluded: When redness is lost with 
heating, the heated material is not poqut. 
This conclusion cannot be reversed; .c. ifthe 
heated material stays red it is not necessarily 
yaqut, because iron stays red after heating.” 


PVTH-CENTURY SCIENTIST AL-MURUNE INVESTIGATING RUBIES, 
FROM HIS BOOK IWEATISES OW OW TO RECOGHIZE GEMS 
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BSE ASC CCN CHR REDEN 


in 1895 by Guy Le Strange, who incorrectly read 


Suhrab’s name as that of u well-known physician 


named Ibn Sarabiyun (or in Latin, Ibn 


Serapion 
Le Strange also used work by al-Ya'qubi, who was 
from the h century, in his reconstruction. The 


two texts, Sulirab’s account of the water 


fuqaddas) was a tenth-century Muslim 


geographer He t 


lim world, observ 


The outcome of years 


oman surveyors used 2 simple triangular level with a plumb 
line to “balance or equalize the land,” a technique continued 

in Muslim and Christian Spain. 
What the Romans did not have was triangulation, which is 
a method still used today in surveying and mapmaking. It was _ 


introduced from the East in the astrolabe treatises of two Muslim 
Spanish scholars, Maslama and Ibn al-Saffar, and Maslama’s work 
was translated into Latin by John of Seville in the 12th century. 

A tenth-century book called Geometria gave details of a variety 
of triangulation procedures that could be used with an astrolabe, 
especially for producing straight boundaries to large areas of land. 

As today, teams of surveyors carry out the challenging projects like 
surveying irrigation canals, In al-Andalus, these teams were called 
mubandis, and in eastern Spain they were known as soguejador. 

Today, triangulation is still used to determine the location of an 
unknown point by using the laws of plane tigonometry, but with the 
help of advanced technology, such as the Global Positioning System. 
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An artiat’s rendering shows Al-Idrisi in the court of 
Roger Il of Sicily, with his cireular map thet showed he 
knew that the world was spherical 


ayist. He wrote an important geo. yraphical 
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man king 


scholar 


2= Nor- 


f Sicily. Roger Il, ix 


) come 


fre 


m Cérdoba to Sicily and make a map fort 


king He 15 years on this, enjoying exalted 
tatus at the king's Palermo court interviewing 


thousands of travelers and producing 70 accu 


s, including some territories previously 


His work was based on that done by previous 


authors 


il as on information he gathered 


rell as reiteratin 


he alse 


in Sicily. As 


fact that the 
id that the Earth 
yolk of an 


Earth was 


a globe 


stable in space like th 


fing accounts of the hemispheres, 


2 


climates, seas, and gulfs. His work s ecifically 


of «Neg scientists had long known this | 
[that the earth was round] but Euro- 
peans still clung to the belief that it was | 
flat... He {Al-Idrisi] also included a travel 
guide and map, surprisingly accurate for 350 
years before Columbus, It described England 
as ‘gripped in perpetual winter’... It is an 
essential ingredient in this Islamic scholar- 
ship that helped shape European civilization.” 
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Muslim geographers agrend the world wus round and 
made detailed measurements of the globe 
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AL-IDRISI'S WORLD MAP 


VIEW FROM A 
CULTURAL CROSSROADS 


The First Map to Show Europe, Asia, and North Africa 


tecacy: With his map the most accurate of his day, Al-Idrisi joined a long line 
of skilled mapmakers in Muslim civilization 
Location: Sicily 
pate: 12th century 


aty Fcures: Al-idrisi, Muslim scholar, and King Roger II, Norman king of Sicily 


thousand years ago, accurate plans of countries, continents, and waterways were 
A unknown, But as more people began to travel the world for trade exploration, and reli 
gious reasons, the demand for good maps increased 

Some of the world's most precious maps were drawn by great scholars of Muslim civiliza 
tion, who assembled all the geographical knowledge available to them. They also drew on 
eyewitness accounts of the medieval world, which often came from Muslim geographers and 
travelers who kept detailed diaries as they journeyed 

In the 12th century, scholar Al-Idrisi produced an atlas showing most of Europe, Asia, and 
North Africa for the first time. Almost 850 years old, the map was created centuries before 
Marco Polo or Columbus explored the world. Al-idrisi ranged widely, drawing on older knowl 
edge and interviewing thousands of travelers to make his map the most accurate of its day. 
The Arabic text shows that Al-idrisi drew the map with the south to the top and north to the 
bottom, as was customary then 

The map was commissioned by Roger |! of Sicily, a Norman king who had recently over- 
thrown the Muslim rulers. Nonetheless, he invited Al-idrisi, who was at that time iving in 
Spain, to make the map for him—a task that would take 15 years. Twelfth-century Sicily was 
a global crossroads for culture and ideas, and Al-idrisi became a respected member of the 
king's court, before finally returning to his home in Morocco. 

Al-idrisi drew India, Arabia, Asia, the Mediterranean Europe, and northern Africa on a cir- 
cular map, and made a large, silver planisphere for King Roger. People had accepted that the 
Earth was spherical since ancient Greek times, and Muslim scholars made detailed measure- 
ments of the globe. In Al-Idrisi's writings, he calculated that the Earth's circumference was 
22,900 miles at the Equator, about 10 percent adrift from the modern figure. He also wrote 
about the hemispheres of the Earth, its climatic zones, the seas, and gulfs 

In early Muslim civilization, measuring and charting the Earth’s features was a key aim 
of mathematical geography and scholars used sophisticated astrolabes to help assess 
height and distance, tn the ninth century, Caliph Al-Ma'mun had commissioned his astrono- 
mers to determine the Earth's circumference, which they did to within 125 miles of the figure 
we accept today, 


@ Al-idrisi's t2th-century map wos the first to show most of Europe, Asi, and North Africa. 


The Norman King Roger of Sicily commissioned it from Al-ldrisi, 
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1001 INVENTIONS: THE ENDURING LEGACY OF MUSLIM CIVILIZATION 


o5 MAPS 


aps have been helping people find their way for about 3,500 years, 
with the earliest inscribed on clay tablets. The introduction of paper 
enabled a leap forward in mapmaking, but the most recent carto: 
graphical revolution was with the development af Geographic Information 


Systems, or GIS, This meant that in 1973 the frst computerized, large-scale, 
digitized maps appeared in the United Kingdom, and by 1995, most of the 
industrialized world was completely digitized 


Before this modern technology, which uses 5 
system of satellites and receivers to compute posi- 
tions on the Earth, maps were being made from 
travelers’ and pilgrims! accounts, 

The travel bug bit seventh-century Muslims, 
and they began to leave their homes for trade and 
religious reasons, to explore the world they lived 
in. They walked routes, sometimes simply gather 
ing knowledge about new places, and when they 
returned gaye accounts of the ways they had trod 
den and the people and sights they had encoun- 
tered, First this was by word of mouth, but with the 
introduction of paper to eighth-century Baghdad, 
the first maps and travel guides could be produced. 

Reports were commissioned by the Abbasid 
caliphs to help their postmasters deliver mes- 
sages to addresses within their empire. These 
accounts made up the Book of Routes, and this 
encouraged more intensive information gath- 
ering about faraway places and foreign lands, 
including their physical landscapes, production 
capabilities, and commercial activities 

While Muslims were exploring the world, in 
Europe, few, excepting the Vikings (eighth-11th 
centuries), were traveling such distances and 
the average European’s knowledge of the world 
around them was limited to their local area, with 
maps usually produced by religious authorities 

The great European explorers of the isth and 16th 


centuries would probably not have set off were it 
not for the geographers and mapmakers of the 
Islamic world 

The maps we have today are in the style of 
European maps, but they are only a few centuries 
old, The “north” that is conventionally at the top 
of amap is artificial, because Puropean navigators 
started using the North Star and the magnetic 
compass for navigation. Before that, the top of 
the map on European maps was to the east, which 
ts where the word “orientation” comes from, In 
medieval Europe, Jerusalem was usually placed 
at the top or in the center, because that was the 
Holy Land, 

A significant difference between Islamic 
maps and European ones was that Muslims 
usually drew them with the south facing upward 
and north downward. With Muslim development 
of more accurate astronomy and mathematics, 
map plotting became a respected branch of sci- 
ence, and as faras Muslime were concerned, the 
maps Western cartographers drew later on were 
upside down, with the north facing upward and 
south downward. 

In 1929, scholars working in Turkey's Topkapi 
Palace Museum discovered a section of an early 
Yth-century map of the world signed by a Turk- 
ish captain named Pini ibn Hajji Mohammed Reis 
(meaning admiral), dated Muharram 919 AH. oF 
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eng He was discovered. It dates 


do not know whether Piri Reis 
had come across it 


Charles Hapgood, in 1964, suggested that the 


Piri Reis map shows Antarctica (307 years before 


it was “discovered”). Now though, this theory has 
been thoroughly discredited, and it seems more 


likely that it is the South American coastline, 


which has been bent to conform to the animal 


skin parchment on which the map was drawn. 


s Mountains 


Also shown on the map are the And 


of South America, which were again “first seen” by 


Spaniards int 1527, 14 years after the map’s produc 


tion. This 


gment of the 1513 world map s 
the adjacent coasts of Spain, and West Africa with 


the New V 


id, and was drawn on a gazelle skin 
Piri Reis did not stop there, but made a second 
‘ 


) 


world map in 1528, of which about one-sixth has 
survived. This covers the northwestern part of the 
Atlantic, showing the New World from Venezuela 


Newfoundland, as well as the southern tip of 
Greenland. Historians have been amazed by the 
richness of the map, and regret that only a frag 
ment of the first world map was found. The search 


for the other parts has remained fruitless. 


From the seventh century on, Muslims have undertaken 
the hayj, or pilgrimage to Mecca, journeying thousands 
of miles on horseback, by camel, ar on foot. With the 
introduction of paper, eighth-century hajj pilgrims 
could produce maps to guide others, 
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The Oldest Surviving Detailed Map Showing the Americas 


g map show 


map of Christopher Columbus 


tecacy: Exciting in itself, Piri R 


only record we have today of 
Location: Turkey 
pare: 16th century 


key mune: Piri Reiss, a Turkish admiral 


| "1929, scholars working in Turkey's Topkapi Palace Museum discovered a section of an early 
# 16th-century Turkish world map. It was signed by a captain named Piri ibn Hajji Mohammed 
Reis (meaning “admiral"), and it was dated 1513. Now known as the famous “Map of America,” 
it was made only 29 years after Christopher Columbus had reached the New World. 

Piri Reis was born in the second half of the 15th century in Gallipoli, and began his maritime life 
under the command of his illustrious uncle, Kemal Reis, He fought many naval battles alongside 
his uncle, and was later a naval commander, leading the Ottornan fleet that fought the Portuguese 
in the Red Sea and Indian Ocean. To draw the map rediscovered in the Palace Museum, Piri Reis 
did not rely on personal experience of traveling or sailing, as you might expect. He assembled it 
by referring to 20 regional maps; an Arab map of India; four Portuguese maps showing India and 
China; and a map “of the Western Parts,” the coasts, and islands, drawn by Columbus, 

It was this last fact that made the rediscovery of Piri Reis’s map so exciting to historians 
worldwide. The last map he mentions was made by Columbus during his third voyage to the 
New World. Columbus sent it to Spain in 1498—but it has been lost for years. Now we can 
look at Piri Reis's map and see what Columbus must have recorded. 

We know little more of Piri Reis himself. in between fighting sea battles, he retired to Gal- 
lipoli where he devised his map of 1513, and wrote The Book of Sea Lore, a manual of sailing 
directions. In 1528, he made a second world map of which about one-sixth has survived, This 
covers the northwestern part of the Atlantic, and the New World from Venezuela to New- 
foundland, as well as the southern tip of Greenland. Historians have been amazed by the 
richness of the map, and regret that only a fragment of the first world map was found. The 
search for the other parts has remained fruitless. Mystery surrounds his long silence between 
1528, when he made the second of the two maps, and his reappearance in the mid-16th cen- 
tury as a captain of the Ottoman fleet in the Red Sea and the Indian Ocean. A sad end came 
| to Piri Reis, as he was executed by the Ottoman sultan for losing a critical naval battle. 
Today, Piri Reis's map is the oldest-surviving detailed map showing the Americas. It shows 
that early 16th-century Turkish nautical science was way ahead of its time. When Piri Reis pre- He used one of Christopher Columbus's maps, now lost, for reference. Piri Reis's map shows Brazil's 
sented his New World map to the Ottoman sultan in 1517, the Turks had an accurate description coastline to the left, and the coast of Spain and North Africa to the night. | 
of the Americas and the circumnavigation of Africa well before many European rulers, 


; | 
8 The oldest-surviving detailed map showing America was drawn by Turkish admiral Piri Reis in 1513. | 
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n the early 1300s, Dar al-Islam, the Muslim world, was one of the greatest 

lands, stretching over much of the known globe, bound together by the prin- 

ciples of Islam. Al-Biruni, an uth-century polymath, wrote in his The Book of 
the Demarcation of the Limits of the Areas that “Islam has already penetrated 
from the Eastern countries of the earth to the Western. It spreads westward to 
Spain [Al-Andalus], eastward to the borderland of China and to the middle of 
India, southward to Abyssinia and the countries of Zanj Zanj [meaning black 
Africa from Mali to Kilwa (Tanzania) and Mauritania to Ghana], eastward to 
the Malay Archipelago and Java, and northward to the countries of the Turks 
and Slavs. Thus the different people are brought together in mutual under- 
standing, which only God's own art can bring to pass,” 


Se 


The arteries that coursed through this great body, 
giving it life. were trading and pilgrim routes, 
Within this intermeshing system, individual 
Muslim sultans ruled, and although there were 
military campaigns between them after the 13th 
century, an ordinary Muslim could pass through, 
albeit sometimes only with a passport 

Ton Battuta said. when going into Syria, “No 
one may pass this place... without a passport from 
Egypt, as a measure of protection fora person's 
property and of precaution against spies from 
Iraq [a Mongol-conquered country] .., This road 
is under the Hedouins At nightfall they smooth 
down the sand so that no mark is left on jt, then 
the governor comes in the morning and examines 
the sand. If he finds any track on it he requires 
the Arabs to fetch the person who made it, and 
they set out in pursuit of him and never fail to 
catch him” 

The Muslims were natural explorers, since 
the Quran said every able-bodied person should 
make a pilgrimage, or hajj, to Mecca at least once 
in their lifetime. Thousands traveled from the 
farthest reaches of the Islamic empire to Mecca 


from the seventh century, even though transport 
was on foot, with only the fortunate ones riding in 
tents on camels, on ox-driven carriages, or astride 
horses and donkeys, As they traveled, they made 
descriptions of the lands thatthey passed through 
Some of these were the frst accounts in Arabic of 
many places, including China. 

The first descriptions of China were from the 
early ninth century, when trade with the Chinese 
was recorded in the Persian Gulf Abu Zayd Hasan 
was 4 Muslim from Siraf, and told that boats were 
sailing for China from Basra in Iraq and from Siraf 
on the Persian Gulf, Chinese boats, much larger 
than Muslim boats, also visited Siraf, where they 
loaded merchandise bought from Basra 

For thousands of years, these boats sailed 
along the Arabian coast, to Muscat, then Oman, 
and from there to India, All along the way, trade 
and exchanges were made, until the boats reached 
China and the city of Guangzhou (Khanfu in 
Arabic), where an important Muslim colony grew. 
Mere, Muslim traders had their own establish- 
ments, and exchanges took place involving the 
emperor's officials, who had first choice for what 


4 igth-century manuscript shows a caravan en route 
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Muslim travelers and the works they left have 


not been completely ignored by the West, as 


Gabriel Ferrand compiled in the early 20th cen 


tury a great study of accounts by Muslim trav 
elers of the Far East between the seventh and 


eighteenth centuries. This contained 99 texts, 33 
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It is reported that Prophet Muhammad said, “Seek 
knowledge even from as far as China.” 
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"City views, costumes, ships, 
flora and fauna, and even 
portraits found on certain maps 
have brought them 
close to works of art.” 


PROFESSOR GUNSEL REMDA 
MACETTEPE UNIVERSITY, ANKARA, 
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Muslim sailors developed navigation instruments and 
became master navigators at sea. 
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moulti-masted ship. In 1525, the Chinese emperor 
ordered the destruction of all oceangoing ships 
The greatest navy in history, which once had 
3500 ships (the US. Navy today has around 300), 
was gone, 

Tn. 1985, at the S8oth anniversary of Zheng He's 
voyages, his tomb was restored. The new tombs 
was built on the site of the original one in Nanjing. 
and reconstructed according to the customs of 
Islamic teachings. At the entrance to the tombisa 
Ming style structure, which houses the memorial 
hall. Inside are paintings of the man himself and 
his navigation maps. 


"We have ... beheld in the 
ocean huge waves like mountains 
rising sky high, and we have 
set eyes on barbarian regions 
far away, hidden in a blue 


transparency of light vapors, while 


our sails, loftily unfurled like clouds, 
day and night continued their 
course rapid like that of 
a star, transversing the savage 
waves as if we were treading a 
public thoroughfare,” 


THENG HE ON TS BIOGRAPHY, AIG Shy 


To get to the tomb, there are newly laid stone 
terraces and steps. The stairway to the tomb is of 
28 stone steps divided into four equal sections, 
This represents Zheng He's seven journeys west 
ward. Inscribed on top of the tomb are the Arabic 
words Allahu Akbar, or God Is Great. 

There were no other ships in the world as big as 
or with as many masts as Zheng He's, These were 
floating cities on the move. Most of the ships were 


built at the Dragon Bay shipyard near Nanjing, the 
remains of which can still be seen today. 


@ Zhong He's Seven Epic Voyages 
1. 1405-1407: Visited Champa (Indochina), Java 
and Sumatra, Ceylon and Calcutta, India. 


2, 1407-1409: Sailed to Siam and India, stopping 
at Cochin. 


3. 1409-1411: Went to numerous places in the 
East Indies using Malacca as a base, and visited 
Quilon in India for the first time. 


4- 1413-1415: The fleet split up. Some went to the 
East Indies again, others (based in Ceylon) went 
to Bengal, the Maldives, and the Persian sultanate 
of Ormuz. This voyage provoked so much interest 
that a huge number of envoys visited Nanjing in 
1416. A large fleet the following year had to take 
them home again. 


5.2426-1419 The Pacihe squadrons went to Java, 
Ryukyu, and Brunei The Indian-based ones went 
to Ormuz, Aden, Mogadishu, Mombasa, and other 
East African ports, It was from this trip that the 
giraffe was brought back. 


6. 1421-1422: Sailed the same seas as before, includ- 
ing more ports in southern Arabia and East Africa. 
The fleet visited 36 states in two years from Bomeo 
in the east to Zanquebar (Zanzibar) in the west This 
suggests the squadrons had split up again, using 
Malacca as the main rendezvous port, which, before 
the advent of radio, was an incredible achievement. 


7. 1431-1483: This final voyage, when Zheng He 
was 60, established relations with more than 20 
realms and sultanates from Java to Mecea to East 
Africa. No one knows how far down the East Afri- 
can coast the Chinese went, but there are accounts 


that they rounded the Cape. 
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o9 GLOBAL COMMUNICATION 


ommunicating information—whether electronic or paper-based—can 
be a risky process, To avoid vital secrets falling into the wrong hands, 
messages are scrambled (encrypted) so that only someone with the 


right code can unscramble it 


A famous case of encryption was ducing World 
War II when the Germans used a typewriter-like 
machine, called Enigma, to encrypt military mes- 
sages before playing them on the radio, These 
were decrypted by s group of Polish code breakers 
from the Cipher Bureau and British code breakers 
from Bletchley Park 


“The birth of cryptanalysis 

required a society which has 

reached a high standard of 
development in three disciplines, 
namely linguistics, statistics and 

mathematics, These conditions 
became available at the time of 
al-Kindi who had command of these 
three disciplines and more.” 


DR, SIMON SINGH, THE COO BOOK, 1999 


These 20th-century problem solvers were carry 
ing on the code-breaking tradition first written about 
by ninth-century polymath Al-Kindi from Baghdad 
Ar this time the mail was delivered by birds. so mes 
sages had to be light in weight, and the confidential 
ones were encrypted. He revolutionized cryptogra 
phy when he wrote A Manuscript on Deciphering 
Cryptographic Messages. Part of this ineluded a 
description of the method of frequency analysis, 
which means he noticed that if 2 normal letter is 


replaced with a different letter or symbol, the new let- 
ter will take on all the characteristics of the original 
one. liwe look at the English language the letter eis 
the most commion, accounting for 13 percent of all 
letters, So, if e is replaced by the symbol #, # would 
become the most common symbol, accounting for 
13 percent of the new symbols. A cryptanalyst can 
then work out that # actually represents e. 

From studying the Arabic text of the Quran 
closely. Al-Kindi noticed the characteristic etter 
frequency, and laid cryptography’s foundations, 
which led many cryptographers from European 
Renaissance states to devise other schetnes to 
combat it, Even though AlKindi developed meth- 
ods that enabled greater encryption and code 
breaking 1,100 years ago, the actual word “crypt 
analysis” is relatively recent and was first coined 
by a man named William Friedman in 1920, 

Frequency analysis is now the basic tool for 
breaking classical ciphers or codes that use the 
basic, plain text alphabet. ft relies on linguistic 
and statistical knowledge of plain text language. 
and good problem-solving skills. 

Modem ciphers are a lot more complex, but 
back in the days of World War Il, Britainand Amer 
ica recruited code breakers by placing crossword 
puzzles in major newspapers and running contests 
for those who could solve them the fastest, 


@ Air Mail 
Today, we take postal communication for 


granted, but once, the pigeon post was the only 
“air mail” available 
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4c ©: way to solve an encrypted mes- 
sage, if we know its language, is to 


find a different plain text of the same language 
tong enough to fill one sheet or so, and then 
we count the occurrences of each letter. We 
call the most frequently occurring letter the 
“first,” the next most occurring letter the ‘sec- 
ond,’ the following most occurring the ‘third,’ 
and so on, until we account for all the different 
letters in the plaintext sample Then we 
look at the cipher text we want to solve and 
we also classify its symbols. We find the most 
occurring symbol and change it to the form of 
the ‘first’ letter of the plain-text sample, the 
next most common symbol is changed to the 
form of the ‘second’ letter, and so on, until 
we account for all symbols of the cryptogram 


we want to solve 
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A chart shows the frequency of 
letters in a passage of text 


idec I tur t l "i rper = 
tt il i ) 1 t J 
r 
£ lor l 7 ig 1 
I 
t l 1 
t ! I 1, Dk 
Ch fir k detailin 
loped los a hw 
c but ; al Rammmal 1@ fir xy 
Amani Za purif r Fr potassi' tr 
Us said, t Tai for making ex r 
ideve i wider 
iy wel / ¢ 
ntury manuscript of Al-Rammah depicts 
I € : t r inging missiles, CentER Another 
| suse they i t get the right prop. trebuchet is shown in a 14th century Manwal on Armory 
g ? trate fy | 29 2nAranbugha al-Zardkash. niaur: A 14th-century 
: - : 7 a Manual on Armory by Ibn Aranbughe al-Zardkash 
Vv not rt t H l 


shows a pedestal crossbow 


Se al crossbow 


Se ar ened 
Budge 
Pelepgysten satel 

RONopaal snr adi ig er aie bt 
Termes rennet lasigie gal bbe eer 

itary nniu oratin nrtalgtins 

Rech voens cher esa cals 
Mapbaet cbr baGap len, Gacy jen nnd! 
POLES AI SAVES pte ale 

a |< teat 
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nite make gunpowder; “Take from white, 
clean and bright for fiery] barud [salt- 
peter] as much as you like and two new 
[earthen] jars. Put the saltpeter into one 
of them and add water to submerge it. Put 
the jar on a gentle fire until it gets warm. 
Skim off the scum that rises [and] throw it 
away, Make the fire stronger until the liquid 
becomes quite clear. Then pour the clear 
liquid into the other jar in such a way that 
no sediment or scum remains attached to it. 
Place this jar on a low fire until the contents 
begin to coagulate. Then take it off the fire 
and grind it finely.” 


HASAN ALRAMAAAH OF SCRIITS A COMPLETE FP 
THE PURITICATION OF POTASSIVM HITRATE * 
Fut BOOK OF HORSEMANSHIP AND INGLNOUS WAR : 


Many gunpowder recipes are included in 
Hasan al-Rammah's t4th-contury writings 
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bn Khaldun was a judge, university scholar, 
and diplomat, kriewn for his works of sociol- 
| Ogy. economics, commerce, history, philosophy, 
political science, and anthropology. He wrote 
his famous Al-Mugaddimah or Introduction to a 
History of the World during a period of enforced 
exile, taking refuge in Algeria, while running from 
Fez because of political unrest. The first volume 
gave a profound and detailed analysis of Islamic 
society, referring and comparing it to other cul- 
tures, and he traced the rise and fall of human 
societies in a science of civilization. 
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oprostr£: A manuscript depicts the soxtant in Tagi al-Din’s famous t6th-century Istanbul observatory 
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THE BIRTH OF MODERN ASTRONOMY 
M any believe that astronomy died with the Greeks, and was brought 
to life again by Nicolaus Copernicus, the 1sth-century Polish 


the solar system, which marked the beginning of modern astronomy. 

However, many historians now think it is not a coincidence that his 
models of planetary theory are mathematically identical to those pre- 
pared by Ibn al-Shatir more than a century before him, It is known that 
Copernicus relied heavily on the comprehensive astronomical treatise 
by Al-Battani, which included star catalogs and planetary tables, 

The mathematical devices discovered by Muslims before Coperni- 
Cus, referred to in modern terms as linkages of constant length vectors 
rotating at constant angular velocities, are exactly the same as those 
used by Copernicus. The only, but important, difference between the two was that the Muslims’ Earth 
was fixed in space, whereas Copernicus had it orbiting around the sun. Copernicus also used instru- 
ments that were particular to astronomy in the East, like the parallactic ruler, which had previously only 
been used in Sarnarkand and Maragha observatories. 


Nicolaus Capernecus 


astronomer who is famous for introducing the sun-centered theory of | 


A isth-century Persian manuscript of Nasir al-Din al-Tust’s observatory 


at Maragha depicts astronomers at work teaching astronomy, including 
how to use an astrolabe. The instrument hangs on the observatory's wall. 


OBSERVATORIES IN THE WEST 


lfonso X, a Spanish king of the 

second half of the 13th cen- 
tury, tried to carry on the Islamic 
tradition of building observato- 
ries in western Europe, but he 
didn't succeed—maybe because 
astrology was frowned upon by 
the Church and the usefulness of 
astronomy was questioned, Four 
centuries later, however, the situa 
tion gradually changed and knowl- 
edge of astronomy gained depth 
and breadth, with Europe absorb- 
ing all that had gone on in the Islamic world. So much so that the instruments used by the famous 
16th-century observational astronomer Tycho Brahe were very similar to those used earlier by 
Muslim astronomers. His famous mural quadrant was like those developed in eastern Islam. 


Spanish King Alfonso X 
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A Rich Shared Heritage of Astronomy from East and West 


Lecacy: A wealth r mical data, a six-cylinder pump, and 


Location: Istanbul, Turkey 


DATE 


ey rrcuae: Tagi al-Din 


“The wonder and glory of the starry skies impressed the scholars of Muslim civilization—but 

I they also looked for order and logic in what they saw. With sophisticated instruments and 
new mathematical techniques, astronomers made great leaps forward in understanding the 
universe. They built on ancient Greek ideas, leaving a joint astronomical heritage that we see 
today in the Greek and Arabic names of many stars 

Galiph Al-Ma'mun began the Muslim tradition of observatory building in the ninth century, 
when he founded facilities in Baghdad and on Mount Qasiyun in Damascus. Sultan Malikshah 
built the first large-scale observatory in the Muslim world in Isfahan in the late 11th century. 

The most important Islamic observatory was built by the 13th-century astronomer Nasir 
al-Din al-Tusi in Maragha, Iran, It was once considered the most prestigious observatory in the 
world, and its foundations are still visible today, Chinese records inform us that an astronomer 
called Jamal al-Din, who was linked to the 13th-century Maragha Observatory, visited the impe- 
rial court in Beijing in 1267 and brought with him several astronomical instruments. He becarne 
famous in China and was known as Cha-ma-lu-ting 

Key astronomical tools of Muslim civilization were quadrants and sextants, which scholars 
used for measuring the altitude of heavenly bodies. Once confirmed, detailed stellar coordinates 
could be mapped on celestial globes such as those made by Al-Battani. In a tenth-century work he 
described an instrument called al-boydha, or “the egg.” It combined elements of a solid celestial 
sphere with others derived from the tradition of the armillary sphere, allowing him to plot the posi- 
tions of a large number of stars. Accuracy was essential for maintaining an observatory's reputa- 
tion, Astronomers thus built larger tools to reduce the percentage of error in measurements, A 
famous observatory built in the 1420s by the astronomer Ulugh Beg in Uzbekistan had a sextant 
set into a trench more than three stories deep to protect it from earthquakes. 

The 16th-century astronomer Taqi al-Din built a magnificent observatory in Istanbul. It con- 
tained an impressive array of instruments for making observations and updating astronomical 
tables, Huge versions of some tools, including a sextant, were installed 

The astronomers of Muslim civilization challenged some of the ideas they had inherited from 
ancient Greek scholars. Their observations and mathematical research allowed them to develop 
new models to which, through translation, Western astronomers gained access. Scientific texts, 
tables of data, and descriptions of instruments from Arabic into Latin provided the foundations 
for Western pre-modern and early modern astronomy, paving the way for Nicolaus Copernicus’s 
ideas of the sun-centered solar system published in 1543 


A 16th-century Turkish manuscript from the Book of the Kings shows Taqi al-Din and other 
astronomers with their sophisticated devices ot the Istanbul Observatory. 
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Used for navigation, a sextant is an instrument primarily 
used to find the angle between a star and the horizon, 


INNOVATIVE INSTRUMENTS 


wo of the most influential astronomers in the 

16th century were Taqi al-Din from Istanbul, and 
Tycho Brahe, who built an observatory under the spon- 
sorship of King Frederic I! of Denmark in 1576. This 
observatory was equipped with the best possible and 
refined instruments of his time, helping him make 
accurate observations and aiding the discoveries of 
Johannes Kepler, who was Tycho Brahe's assistant. 

Recent research has shown that there is an exact 
correlation between most of the instruments of Tycho 
Brahe and Taqi al-Din's observatories (you can read 
more about this in the Observatories section), but 
both men were not satisfied with the instruments of 
the previous astronomers. They had newly discovered 
instruments to use, such as the sextant, the wooden 
quadrant, and the astronomical clock. 

Taqi al-Din’s sextant was called mushabbahah 
bil-manatiq or “replication by areas" and was made 
from three ruled scales. Two of the scales formed the 
edges of the three-edged sextant. At the end was an arc, which was attached to one of the rules and 
was used to determine the distances between the stars. The sextants of these two men should be 
considered among the finest achievements of the 16th century. 


A mural quodront by Tycho Brahe, 1598 
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has called the faithful to prayer five 


times a day. These prayer times are astronomically determined, c 


ing from day to day, so it is vital to know exactly when they were. Before 


modern technology, Muslims develc 


yped an extraordinarily accurate device 


called the astrolabe to help them do this, 


The astrolabe is described by Dr. Harold Wil 
ams, an American astrophysicist, as “the most 


important 
before the invention of digital computers and 


astronomical calculating device 
the most important astronomical observational 
device before the invention of the telescope” 

The earliest origins of the astrolabe are 
unknown. We know Theon of Alexandria wrote 
on the astrolabe in the fourth century cr, and 
the earliest preserved Greek treatise on the sub 
ject is from the sixth century. The origin of the 
word "astrolabe” is in the Arabie word asturlab, 
which is said to be a transliteration of a Greek 
word, Whatever its origina the instrument was 
fully developed. and its uses expanded, by Mus- 
lim astronomers because they needed to deter 
mine prayer times and the direction of Mecca 
In the Islamic world, astrolabes remained popu 
lar until 1800. 

New treatises on the astrolabe were produced, 
the earliest by Masha’Allah ‘Ali ibn ‘Isa’ and 
Al-Khwanzmi in the early ninth century, while 
the earliest surviving Islamic instrument dates 
from the middle of the tenth century, built by an 
apprentice to ‘All ibn ‘sa’ in Baghdad. With the 
Muslim presence in Spain from the eighth cen 
tury, Islamic learning including that on the astro 
labe, seeped into western Europe, so that the 
earliest surviving Christian or Western instru- 
ments are from the 13th century onward. 

Quite a few types were made, and the most 


popular was the planispheric astrolabe, where 


the celestial sphere was projected onto the plane 
of the Equator, 

Astrolabes were two-dimensional models of 
the heavens, showing how the sky looked at a 
specihe place at a given time. This was done by 
drawing the sky on the face of the astrolabe and 
marking it so that positions in the sky were easy 
to find. Some astrolabes were small, palm-size, 
and portable: others were huge, with diameters 
of a few meters. 


“The astrolabe is the most 
important astronomical calculating 
device before the invention of digital 

computers and the most important 
astronomical observational 
device before the invention 
of the telescope.” 


ASTHOPHYMCIST MAROLS WILIDANS 


They were the astronomical and analog com 
puters of their time, solving problems relating to 
the position of celestial bodies, like the sun and 
stars, and time In effect, they were the pocket 
watches of medieval astronomera They could 
take altitude measurements of the sun; could 
Yell the time during the day or night; or find the 
time of a celestial event such as sunrise, sunset, 
or culmination of a star. This was made possible 


“TREATISE ON THE ASTROLABE” 


haucer, author of the Canterbury Tales, | 

also wrote a “Treatise on the Astrolabe” 
for his ten-year-old son, Lewis, in 1387. Here is 
what he said about it: 

“Little Lewis my son, | have... considered 
your anxious and special request to learn the | 
Treatise of the Astrolabe . . . therefore have | 
given you an astrolabe for our horizon, con- | 
structed for the latitude of Oxford. And with | 
this little treatise, | propose to teach you some _ 
conclusions pertaining to the same instru- 
ment. | say some conclusions, for three rea- 
sons, The first is this: you can be sure that all 
the conclusions that have been found, or pos- 
sibly might be found in so noble an instrument 
as an astrolabe, are not known perfectly to any 
mortal man in this region, as | suppose." 


Geoffrey Chaucer 
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THE ASTROLABE 


MAGICAL GADGET 


A Device That Puts Time and Space in the Palm of Your Hand 


tecacy: Until the invention of the sextant in the 17th century, astrolabes were essential tools 
tocation: Baghdad, Iraq 
care: Late 13th century 


wane: ibn Shawka al-Baghdadi 


rafted in gleaming brass and engraved with the names of stars, astrolabes look as if they 

might belong to a wizard. And in a way, they are almost magical. Long before clocks and 
watches were widespread, Muslim engineers and astronomers built astrolabes that brought 
time and space together into a single gadget. 

The scholar Theon of Alexandria had described astrolabes in the fourth century, and they 
were mentioned in other early Greek writings. But the need to calculate accurate prayer times, 
and determine the direction of Mecca, drove the development of more sophisticated instru- 
ments in Muslim civilization. The oldest surviving astrolabe made in the Muslim world is 
from tenth-century Baghdad. 

Astrolabes told the time during the day or night, helped people navigate on land, and were 
designed specifically for calculating times of sunrise and sunset. 

With the most important stars marked on a pierced metal plate, a sighting device for cal- 
culating the angle of a star or the sun, and data tables for accurate astronomical calculations, 
astrolabes were very sophisticated calculating devices, centuries before computers. 

According to tenth-century astronomer Al-Sufi, an astrolabe could 
perform a thousand tasks useful in astronomy, astrology, navigation, 
and surveying. 
Earlier versions required calibration for particular latitudes 
on Earth, but 11th-century scholar Al-Zargali invented a uni- 
versal astrolabe. Known as Saphea Arzachelis from the Ara- 
bic safiha (plate), this astrolabe worked anywhere. 
Universal astrolabes became essential tools for 
navigation, in use until the invention of the sextant in 
the 17th century. They were eventually superseded by 
mechanical clocks and more advanced methods of 
calculation, but simplified astrolabes for stargazers 
are still made today. 


® /bn Shawka ol-Baghdedi made this 13th century 
ostrolabe. Each ostrolabe includes several inter 
changeable plates, which are stored inside the 
mater, the device's hollow disc. Each plate corre 
sponds to different geographical locations. 


® Data tables engraved on the astrolabe 

allow you to perform a variety of different 
calculations. For example, to tell the time 
at night, you line up @ rule on the back of 
the astrolabe with a star to find its alti- 
tude, You rotate the rete until the star's 
pointer sits on the correct altitude line on 
the plate, and read the time off the rim 


® vorrom: The rete hos o circle to track the 


sun's path across the sky, and pointers 
correspond to bright stars. Dagger-shaped 
pointers were charactenstic of early 
(slamic astrolabes. 


@ irrt, tor, anp arom: The lines engraved 
on each plate are projections of the sphere 
of the sky overhead, Each plate covers 
@ narrow range of latitudes (the north- 
south position on Earth) 


® cewren: The mater of the ostro- 
labe is a hollow dise deep enough 
to hold several flat plates. 


An armillary sphere is depicted in an engraving from 


the Jihannuma of Universal Geography, Istanbul 
17; 9 reprint of the eriginal Jikannuma written in the 


27th century by scholar Katib Celebi (Hajji Khalifa), 
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he Quran often re 


inspling Manner, and ch: 


ena using reason. 


For example: 2:464: “Verily, in the creation of the 
heavens and of the earth, and the succession of 
night and day: and in the ships that speed through 
the sea with what is uneful to Man: and in the 
waters which God sends down from the shy, giv 
ing life thereby to the earth after it had been life- 
Jess, and causing all manner of living creatures to 
multiply thereon: and in the change of the winds, 
and the clouds that run their appointed courses 
between sky and earth: [in all this) there are mes 
sages indeed for people who use their reason.” 
Astronomical phenomena are frequently cited 
in the Quran and often put in the context of their 
use to mankind as in timekeeping and navigation 
The Quran talks about precise orbits and courses, 
thus passing on the message that behind these 
phenomena lies a coherent system that people are 


invited to explore. Here are some examples: 


to various 


} 
i 


natural phenomena in a very 


lenges mankind to ponder these phenom- 


6:97: "[Ged] is the One Who has set out for 
you the stars, that you may guide yourselves by 
them through the darkness of the land and of 
the sea. We have detailed the signs for people 


who know" 


16:12: “For you [God] subjected the night and 
the day, the sun and the moon; the stars are in 
subjection to His Command Verily in this are 
signs for people who are wise” 


21:33: "[God is] the One Who created the 
night, the day, the sun and the moon, Each one is 
traveling in an orbit with its own motion.” 


55:5: "The sun and the moon follow courses 
[exactly} computed” 

Verses like these cited above formed an intel- 
lectual challenge to people to build the required 
knowledge to explore s universe abundant with 
God's wonders. 

Not only that, but in one verse, humans are 
even encouraged to make their way out of the 
Earth in order to explore space, but with a warn- 
ing that this should only be done when they have 
enough power and control 


§5:33: "O you assembly of Jinns and Humans! 
If it be you can pass beyond the zones of the heay- 
ens and the earth, pass you! not without authority 
[power] shall you be able to pass!” 


The coherent systems behind astronomical phenomena 
are explored in verses in the Quran. 
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Ale m astronomer who lived in Cairo 
and observed at Baghdad in 975 dis 


covered the third inequality of the moon's 


motion called the moon's variation. Ptolemy 
knew about the first and second, He bore the 
formidable name of Abu al-Wafa al-Buzjani 

his 
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third inequality of motion 
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or full, and s rst and third quar 


ters “rediscovered” by Tycho Brahe six 


centuries later in about 1580. 
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In 1651 Joannes Baptista Riccioli, a Jesuit profes 
sor of astronomy and philosophy in Bologna, Itsly, 


compiled a comprehensive work on astronomy. 


called Almagestum Novum, with a complete map 
of the moon. He named the lunar formations after 
distinguished astronomers of the Middle Ages 


e names of Muslim ast 


‘Ten were giver 


ners 
and mathematicians 


These names were finally agreed upon at a con 


ference of the International Astronomical Union 


in 1935, Of the 672 lunar formations, 19 were given 


the names of major Muslim nomers, and 


since then more have been added These names 


include: 


@ Messala is 4 plain in the 23th section of the 
n 


yon named after Masha'Allsh, who was active in 


S09. He was a Jew of Egypt who embraced Islam 


during the time 
Two of his t 


into Latin 


the Abbasid caliph Al-Mansur 


ks ON astronomy were translated 


the 16th century: De Scientia Mot 


Orbis and De compositione et utilitate astrolabit 


@ Almanon js 4 croter in the ninth section 
named after C 
al-Rashid. famous from The Thousand and One 
Nigh 3, AL-Mal 1 built an observatory 
in Baghdad, In his academy, Bayt al-Hikmah, the 
House of Wisdom, the greatest scientists and phi 


liph Al-Ma'mun, the son of Harun 


s. In 8: 


Josophers of his age carried out their research 


@ Alfraganus is 4 crater in the second secon 


named after Al-Farghani, who died around 861 


it, with dark 


es are called 


He was one of Al-Ma'mun's tearn of researchers in 


astronomy. His most famous book was the Book of 
the Summary of Astronomy, and this was the mam 


influence for the Italian poet Dante. 


@ Albategnius is 4 plain in the first section 
named after A)-Battani, who was born in 848 He 
mica} measurements 


determined many a: 


with great accuracy. 


@ Thabit is a prominent circular plain in the 


eighth section named after Thab utra, who 


died in Baghdad in 901, He translated into Arabic 
a large number of Greek and Syrian works on sci- 
ence. He also made major contributions of his own 


to pure mathematics. 


@ Azophi is « mountainous ring in the ninth 


section named after the tenth-century ‘Abd al- 


Rahman al-Suft. He was one of the most outstand 


ing practical astronomers of the Middle Ages Al- 


Suf's dlustrated book The Book of Fixed Stars is a 


masterpiece on stellar astronomy. 


@ Alhazen is a cingshaped plain in the 12th 
section named after Abu Ali al-Hasan ibn al- 
Haytham, usually known as Ibn al-Haytham, He 
waz born in Basra around 965 and spent most of 
his working life in Egypt, where he died in 1090. 
He composed almost a hundred works, of which 
‘about 55 are preserved today, all concerned with 
mathematics, astronomy, and optics, He was one 
of the foremost investigators of optics in the 


world, and his Book of Oprics had an enormou 


influence on European science 


difying Prok 


Al-Bitruji's book On Ast 


was & Spar é = 5 lo design a 
portable celestial sphere to measure celestial coor @ Ulugh Beigh is a promirient elliptical ring in 
dinates, toclay called a torqueturn the 18th section name J Beg was 
bor in 1394 and founded in 1420a rn 
@ Nasireddin is 5 crate in diameter servatory in Sarnarkand, which was equipped with 
named after Nasir al-Din was born ir excellent and sccurate astronomical instrument 
D er to Hulagu Khan, Ilkhanid His most commenclable and e work Was 
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BOTTOM: A lunar map shows the formations named 
after eminent Muslim scholars. OPPOSITE TOP: The 
Almagestum Novum, compiled in 1651. by Johannes 
Baptista Ricioli, contained a detailed map of the moon 
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1 century onward were fasci- 
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Suf, a Persian astrono 
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ger and in 964 
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it “little cloud.” 


wast irst written record of a star system 
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outside our own galaxy. He set out his results 


nstellation, diseu ar maps and astro 
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and colors, and =) 


produced two drawir f 


and 400 stars. 


fact, astronomers gave 


nitudes to 1,02 top: The constellation the Dragon, or al-tinnia in 
Arabic. SOTTOM LaFT: The constellation Cepheus, 
or qifa’us in Arabic. BOTTOM RIGHT: The manual of 


cosmography in Turkish by Mustafa ibn Abdallah. 
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famous flights 


doba in Spain. 
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Cérdoba. The art 
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Al-Firdawst’s Book of Kings includes « popular story 
of a proud king whe tried to fly, The book's cover ts 
ilustrated here. 
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An artistic impression shows the first successful 
manned flight by 'Abbus ibn Firnas. 


of such a machine was n 


mn, who 


in 8 manuscript by Roger Bac 


described it as an omithopter, In 126 


Sacon 


wrote On the Marvelo: wers of Arr and 
Nature, including two px 


ough de 


later to become mown as a 


Ways @ person 


might fly, One is ar ription of what was 


omithopter. The 


other is 4 more detailed description of a globe 
ed, “There ia 
an instrument to fly with. which I neve; 


filled with “ethereal air.” Bacon: cl 


T saw, Nor 


hath seen it, but 1 full well 


sted 


lmow any man tha 


the same,” It 


doba, the d of Ibn Firnas. Inis likely that 


the dese of the ornithopter could have 


be 


en taken | 


contemporary manu 


tipts in Spai ince disappeared 


Ibn Firnas died in 887, and none of his origi- 


nal works has survived to the present day. His 
life has been reconstructed from a few verses 


and from the information given by the chront 


of the time. 


After Ibn Firnas, Muslims and non-Muslims 
pursued the endeavor of flying, and many 
de: Al-Juhari, a 
Turkistani teacher, launched himself from rhe 


more flight attempts were i 


minaret of Ulu Mosque in 1002, using wings 
made from wood and rope. He died instantly 
on impact. Eilmer of Malmesbury was an uth- 
century English Benedictine monk who also 
forgot the use of a tail, and broke both his legs 
as he jumped from a tower in 1030 before glid- 
ing 183 meters (600 feet) 

After these two flying sttempts, aviation 
Mistory is silent until the works of the famous 
Fle 


Vinci. Leonardo remains the leading engineer 


‘entine artist and scientist Leonardo da 


SESE oo 


ANBAS Uhh FIRNAS, PONEER OF FLIGHT 


Lert: An illustration depicts the flight of Hazarfen 
Ahmed Celebi in 2638 from Galata Tewer near the 


e wa Bosporus in Istanbul, atant: An artistic impres 
ar pounds of gunpowder t ¢ sion Uluetrates the firet manned rocket flight flown 
: POT Pra ee re 7s by Lagart Hasan Celebi in 1639. Lagari Hasan wos i 
SEAEDS Che CAT GE SMUT AUTOS, BS COUR launched into the sky by a seven-winged rocket, 2 


Kaya Sultan The rocket then carried Celeb which used a mixture of gunpowder paste. 


publicly air their hopes for fix 


hot air balloon whose passenders were a 


LA few wee 


s duck, and 


Frangots F science teacher 


aier, a 


hot air balloon. 


Nineteenth-century aeronautics was domi 


ated by German Otto Lilienthal, who stud 


the lifting power of surfaces, the best form 


of wing curvature, and the movement of the 


of pres 


center ¢ ure with d 


arent wing ¢ 


an important factor in the stability 


He was a great har 


serlin hills in 1896 when a gust of wind 


his machine and he was unable to 


Wright brothers with their famous flight 


of December 1903 


are probably the best 


known names today in aviation b y. Wilbur 


Wrigh 


armed, too, Wilbur realized that 
birds keep their lateral balance, or control when 


king, by twisting their wings. He devised a 


same effect mechani 


kite that reproduced t 


e way or the other 


owing it to roll 


red 


Before developing a powered -aircraft, the 


Weight b ers used gliders, aiming “to escape 


accident long enough to acquire skill sufh- 


cient to prevent accident.” They also hit on the 


essential principle of combining rudder contr 


other balanced turns. In 1908, 


Wilbur Wright demonstrated his airplane in 


and 


and within the year Henri Farm 


riot were making extended flights. 


All this history of aviation, and even space 


travel, started with the humble beginnings of 


one man, ‘Abbas ibn Firnas, who was one of the 


uit his ideas y 1 he glided with his 


bo try « 


A photograph depicts the first Might by the Wright 
brothers in 1902. 
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Opposite: A Persian manuscript shows Timur the Lame on his thre 


@ ‘Abbas ibn Firnas | 
rut waME: ‘Abbas Abu al-Qassim ibn Pirnas ibn | 


DIED: 


MOST INFLUENTIAL WORK: Producing a flying ¥ 


machine, crystal, and a planetarmum 
Go to: Dining dustry in works, and his biography was reconstructed only 
Market; and Observa niverse from a few verses and infor om 

Tt is difficul pi Corde 1esees left to us jn numerous docu 5 

in. ‘Abbas ibn Firnas imer 

t ts, includin wus 
a astronomy. He was alse fluer Greek. and | a} al | 
nade translations of philosophical and musica’ al-Razzoz al-Jazani 


LUSCripts Born: Birth date not kr 


Diep: Date not known 
MOST INFLUENTIAL wor! 
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“10w that he was in the service of Nasir al-Din, 


"Abbas 


ibn Firnas 


yarbakir, who asked him te 
nt t inventions in a manual, The Book 


Mechanical Devices 


and a large number nical devices that 


revolutionized engineering, like the crankshaft 
He is possibly the first to use robotics, as many of 


his machines incorporated moving figures, 


Al-Kindi 


@ Al-Kindi 

Fuit NAME: Abu Yusuf Yaqub ibn [sh 
al-Kindi 

Born: About 861 in Kula, Iraq 

Diep: 873 

MOST INPLUENTIAL WoRK: Wrote more thy 
including The Book 


|-Sabbah 


na vanety of sub; 


works 


lations 


of the Chemistry of Perfurne and Dist 
GoTo: Music, Cleanline 
Home Chemistry, Commercial Chemistry, House 
of Wisdom, Trans 
Pharmacy in Hospital; Earth Science and Natural 


. Vision and Cameras in 


lating Knowledge in School; 


Phenomena in World 


Al-Kindi was an encyclopedic man, working as 


a physician, philosopher, mathematician, ¢ 


‘onomer. A 


ter, chemist, logician, musician, and « 
son of the governor of Kufa, he studied there and 


at Baghdad's House of Wisdom. where he gained 


a high reputation at the ealiph’s court for transla 
tion, science, and philosophy. Caliph al:Mutassim 
also chose him as tutor to his son Ahmad 


His contributions include an introduction to 


arithmetic, eight manuscripts on the 


heory of 


numbers, and two on measuring proportions and 


time. He was the first to develop spherical geom 


etry, and used this in his astronomical works, He 


wrote on spherics, the construction of an azimuth 


on a sphere, and how to level a sphere Asa musi 
cian he used musical notation and played a part 


in th 


development of the ‘ud, or lute. 


® Al-Zahrawi 

Fuit wame: Abul Qasim Khalaf ibn al-Abbas 
a) Zahrawi, known in the West as Abulcasis 

Born: 936 in Medinat al-Zahra, near Cordoba, Spain 
DIED: 1013 

Most inriventiat work: Al Tusrif liman ‘Ajiza 
‘anal-Ta'lil, shortened to AF Tasrif, and translated 
as The Method of Medicine, which became a cen 


tral part of the medical curriculum in European 


untries for many centuries 
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FULL NAMr: A! \ asan I l-Haythar 

Las NTI We rs A en 

Born: 965 in Basra, Irag 

DIED: 104) Cairo, Egypt 
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@ lliya al-Astrulabi 
FULL NAME: Maryar 


Diep: 9 
MOST INFLUENTIAL 


work: [he 1 t if 


®@ Ibn Battuta tinued her father 
FULL NAME: /\ 
Born: 1304 in Tangier, M ‘ Go To: A | i 
Diep; 1368 or 1370 

Most INFLUENTIAL WORK: | hie Aih/a, or his trea 
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FULL NAME: /\ Musa 


Born: ‘us, Ira 
Diep: 615 in Kuta, Iraq 
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FULL NAME: f M 
BORN: oo 


Drep: 1581 
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®@ Zheng He 
FuLt NAME: Born as Ma He; then his namechange 


i ard rer T 
d i Impe I | 
Born: in Ku i 
Drep; 1433 in In 
MOST INFLUENTIAL WORK: Transformed China 
e J 2 1af 
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® Roger Bacon (\2)4.129 


This Oxford \olar is KHNOwN as the originator 


duced ® Leonardo da Vinci (1452-1519) 


Leonardo da Vinci was an Italian painter 


2) , & mts (Ww trea e netr aT 
aby sica were used shaman t 
tbn Firnas’s flying machine inspired Ba 
flyin ach rornithopt ch he deseribe r 
nh aniuseript De Mirabilr } 1 Ary t i 
r On the ‘ Powers of Ar / a 
ym: 1260. It is kc nstudied | 
. } 
Grdoba, the homelan . 
Bacon nm guny ba on jrawn in a square s not his navel, as the 
M es, and the Lat k Liber font nstated, but But fve centuries earlierir 
f Marcus Graecus, which gives mar rcipesfor | thetent 
maxing unt Jer, wa i a A and | orth 
translated in opain oncius: he faure wae 
Roger Bacon Acquainted with M | thenavelonly fora child under seven, and afte 
chemistr tr T ri trar at fA I Wy 


jroin ares. Histor 


acknowledged Ibn Sina’s Book of Cure, Healing or 
Remedy from Ignorance as an inspiring source of 
thought for the founders of geometrical thought in 
Europe, including Leonardo da Vinci 

Ybn al-Haytham invented s camera chscura 
long before Leonardo da Vinci produced the full 
and developed camera design. 

Da Vinci found arabesque designs fascinating 
and worked out his own complicated patterns 
The Muslim knot, in particular, intrigued him so 
he produced two plates of six knots, which were 


eed in circular copper engravings by 


wers in Milan around 1483 and 1499. 


® Nicolaus Copernicus (14791542) 
Polish scientist Nicolaus Copernicus is said to be 
the founder of modern astronomy. 

Many of his theories were based on those of 
Nasiral-Dinal-Tusi and Ibn al-Shatir Ibn al-Shatir's 
planetary theory and models are mathematically 
identical to those prepared by Copernicus more 


Copemicus would have e 


into contact with these in Italy, where he studied. 
Another influence on Copernicus is believed 


to have been the famous Toledan Tables written 


by Al-Zarqali, who was born in 

It is known that Copernicus relied heav- 
ily on the comprehensive astronomical trea 
tise of Al-Battani that included star catalogs 


and planetary tables. He relies extensively 
on Al-Zarqali and Al-Battsni in his book 


De Revolutionibus 


®@ Tycho Brahe (i546 10!) 
This leading Danish Renaissance astronomer 
was credited with many inSuential works, includ 


ing the production of the quadrant and one of 


Europe's leading observatories. 

He is renowned for rediscovering the moon's 
variation, which was first discovered by 4 Muslim 
astronomer Mohammed Abu al'Wafa’ al-Buzjani 
about 600 years earlier 


KEFERENCE: EUROPL'S LEADING 


Tycho’s famous mural quadrant was like those 
developed in eastern regions of the Musiim world, 
especially by astronomer Taqi al-Din 


® Johannes Kepler (571-190) 
Johannes Kepler is renowned in the West for dis 
cavering the laws of planetary motion and for his 
work on optics; as the founder of the firet correct 
mathematical theory of the camera obscura and 
for providing the first correct explanation of the 
working of the human eye, with an upside-down 
picture formed on the retina. 

Ibn al-Haytham’s influence 


an easily be 
detected in Kepler's work, as the former had reve- 
jutionized optics 600 years earlier, His Kitab al 
Manazir ot Book of Optics was translated into 
spec 


Latin by Gerard of Cremona and called Pa 
tiva or De aspectibus. 

Both Kepler and Descames relied upon Ibn ab 
Haytham’s studies on the refraction of light. and 
Kepler took up where fbn al-Haytham left off. 

Kepler developed the camera obscura after 


its first discovery by Ibn al-Haytham, improving 


it with a negative lens behind the positive lens, 
which enlarged the projected image-the prin 


ciple used in the modern telephoto lens 


@ Robert Boyle (10271 


Robert Boyle is widely regarded as one of the found 


odern chemistry, He is best known for 


Boyle's gas law, which relates the pressure and 
volume of a gas in a closed system He studied 
Eastern languages like Arabic and Syriac because 
of the manuscripts of natural philosophy written in 
those languages. He had access to works such as 
that of Al-raqi, 13th-century Muslim chemist, and 
tude compiled bythe 


the tables of longitude and la 
an geographer Abulfeda He often 


igth-contu 


it practices of Muslim chemists 


turned to the ar 
like Jabir ibn Hayyan (Geber). Boyle and Geber 
both championed the experimental epproach to 


y, despite th ve centuries between them. 
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distinguished families, had long na 


‘Abd al-Rahman III (891-961); the caliph of Car 


doba, Spain (922-961); a man 


f wisdom and 


patron of arts; founder of Madinat al-Zahr. 
city now in ruins) on the outskirts of Cordoba 
Yahya ibn Abi Mansour (ninth century), Bagh 
dad, rac ourtof Al-Ma'mun 


ocalled Al: Zijal-Mumtahon 


Abu Abdullah al-Bakri (1014-1094), Huelva, 
Spain; geographer and hi 

Abu al-Fida’ (12 
and astronomer 

Abu al-Wafa’, Mohammed al-Bouz 


Buzjani, Baghdad, Iraq; riatheme 


331); Hama, Syria; geogr: 


940-998) 


clan, astron 
omer, and geometrician 
Ad-Dakhwar (early Leth cer 
physician at Al-Nuri Hospital. 
Adelard of Bath (ca 1080-ca 1160); Bath, Eng 
mathematician and philosopher 
Albertus Magnus. also known as Albert the 
(3206-1280), Bavaria; scientist, philos 


theologian. 
Alfonso X, also known as Alfonso the Wise 
sh king « 


1254), son and suct or 
Archimedes (257-212 ac r) 
4 Homer 
Aristotle 
philosopher 


Roger Bacon (1214-1292); Iehester, En 


physicist, 


people were commonly known, 


3] name: Abu Mansur Abr al 
» Abd: 
Tahir { 


Al-Baghdadi, res 


Qahir ibn Tahir ibn Muhammad 


abTamir af, known as 


1037); Baghdad, Iraq; mathema’ 
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(Bor ) geometry 
Ahmed 
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Musa, Al-Hasan ibn St 
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Tycho Brahe (1546-1601); Skane, Denmark; 


astrory 


ner and engineer 
Robert Boyle (1627-1691); England; natural phi 


ypher and chemist. One of the founders of 


mistry, and one of the pioneers of 


the modern imental scientihe method 
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Nicolaus Copernicus, Mikola) Kopernik or Nicx 
laus Koppernigh (147 


371543); rath) 
Poland: astronomer ar 

Al-Dimashgi (1256 132 
eler and ex 


Al-Dinawari, Abu Hanifa (4. &9¢ 


Spain; 


thematiciar 


); Damascus, Sy: 


steel, Abu Nasr (870-95 


), also Known a 


Alpharabius; near Farab, Khazakhstan, but 
flourished and worked in Iraq; philosopher 
and mm thy 

Al- ivalicel bas Ahmad ibn Kathir 


known as Alfraganu arghana, Trar 


somiana; as 


Muhammad al- Fatih kr 


nimad ibn Ibrahim 


Al-Fazari, Abu Als “ lah Muha: 
dca 777); Kunciaz, 


; mathematician, 


Al Qarawiyin Univ 
Al-Firdawsi, Abu 
Korasan, Iran; histonan and 
Frederick IT (1194 


man emperor (122 


250): king of Sicily (2198-1250; 


Galen, © 
gama, Turkey: physician. 


Gerard of Cremona (ca 11141187); 


udius (es 191-206); Pergemusr 


Italy; trenalator. 


Al-Ghafiqi, Muhammad ihn Qussum i 
d. 1265); physician 
Al-Ghazali, Abu H 
Algazel 
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surgeon, 


1os8-4128 


lognar 
Al-Hekam 1 796-823). ruled Cérdoba 
Al-Hakam II (925-978); ¢ 


Abderrahamn Ill 


ruled Al-Andalis 

library 

Ahmad al-Halabi (4. 14: Aleppo, Syria; 
astronomer 

Abu Bakr ibn al-Sarraj al-Hamawi (4. 1: 


Hama, Syria; geometer, ast 


to 97%; famous for hi 


engineer 
Al-Hanbali, Tagi al-Din (128 
hadith and jurisr 
ti anv Thrahiee ibn shag al-Harbi (cl 255); 


with gifts including a hydr 


Hazarfen Ahmed Celebi (171! 


Turkey; pile 


tower near the Bosporu 


t fying in 1 
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®, physiciar 


Voaodi (8 
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the Hi 


lvaq: 4 186 ‘ 
works into Arat clar 
Ibn ae Usaybi'ah (d. 1270) us, Syria 
practiced in Egypt): chronicler of physicia 
and pharmacists: phymcian and oculist 
Ibn ’Aqil, Abi Vafa Ali (104 9); Ba 


Jed. Lrag: theo 


Thought and 


Tbn al-Awwam (121 


1¢ turist 


Ibnal-Baytar. Abu Muhamer 
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Ibn al-Fagih 


10g 
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and flourished and 

physician ar 

the blood 
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Amin al-Daw 


WS OY; £ 
Tbn al-Saffar Lal-Q 
lah ibn Omar a. 


“lan anc astror 


L yria) astronomer ar 


ad Grea 

Ibn al-Thahabi 

Ibn al-Wafid, A 
1008-1074); a 


physician 


Ibn Badis, s)-Mu 


ier and the authoret 


Tbn al-Shatir al-Muwaqait (1304-1275); Dama 
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+ Muhammad ibn Yahy 


Ibn Bajjah, Ab: 


as-Say'igh, known hs Avempace in the West 


(a 38); Saragossa, Spain; phi if and 
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Tbn Bassal 


aqriculty 2 e 
Ibn Battuta, Abu Abdullah Muhammad (1904 
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Ibn Fadlan. / 
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Spain: traveler, ext an 
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physician, t 


explot 


t, and fF 


Ali ibn Khalaf a!-Shakk fed 
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bn Khaldun, = Mohammad 


(1932-1406); Tunis 


rian, philosopher, a SCO 3 
Ibn Khurradadhbih (820-912); Baghdad, Iraq; 


yfapher anc di 


postal wervice in, Baghdad. 
Ibn Majid, Shihab al-Din Ahmed al-Najdi (143: 
1 ): Najd. Sa 
Ibn Muqla 


dad, rag; Abbasid vizier. calligrapher, and one 


940 


the inventor 
Tbn Rushd, A’ 


also known as 


mimac al-OQurtubiy 


: Cérdoba 


udge 


Ton Rustah, Ahmed (tenth century); Inti 


f anc geoor 
Ibn Sa‘id al-Maghribi ( 


Spain: historian, poet, t 


Tbn Samajun (d. }o02) 


ist, botanist, @ 


Tbn Sarabiyun, Yuhanna, als ‘Tecoeen 


pion (ninth century); Syria y 


pharmacist 


Tbn Sina, also known as Avicenna 


Bukh 


mathemancaan, and astronomer 


Ibn Toloun. / 
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M 7 
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id surgeon 
Kamal al-Din, Abu’! Hasan Muhammad al-Fans 
ca 1260-1319); Tabriz, Iran; mathematician and 


physicist 
Al-Karaji 


Husay 


mathematician and engineer 
He 2 Al-Fakhr 

Al-Kashghari, Mahmud (1073); Turkey: geogra 

pher and lexicographer 

Al-Kashi., Ghiyat e!-Din (298% 
ician and a: 
Johannes Kepler (15711 
nathemat 


Al-Khujandi, Abu Mabinu 


340-1000); Khudzhand, Tajtiasta: 
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Jy pt; histori 
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Zakariah (776-857) 


Baghdad, Iraq: physi sharma gist 
earth a¢ it. and translator 
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Al-Mawsili, / 
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ed 


uhammed ibn Ahmad Shams 


Al-Mugaddasi, M 


Din (ca 9451000); Jerusalem; historian and 
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who ruled from 


he short 
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Aleppo and Dama: 


earliest hospitals, / 
Al-Nuwayri, Abu 
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Plato (427-347 8,C.E); Ather 
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Raphael, Raphaello (1489-1520); Urbino, Italy 
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mathematician. 
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06 GLOSSARY 


Abbasid dynasty A dynasty that ruled the 
Muslim caliphate from Iraq between 750 
and 1258, The Abbasids are renowned for 
fostering learning and science. Their mast 
distinguished caliphs are Harun al-Rashid 
(ruled 786-809) and his son Al-Ma'mun 
(ruled 813-833), who made Baghdad the 

wence and learning They 


center of : 
founded the House of Wisdom, a far 


library and scholarship center, He 


al-Rashid is renowned for gifting 
Charlemagne a water clock and an organ 
in 797. 


Aghlabids Muslim dynasty that ruled from 
800 5 semi-independent 
of Baghdad. The Aghlabids’ capital, 


Al 


that time. Among their fa 


Qayrawan, was a vibrant city during 


us legac 


the water reservoir of Al-Qayrawan. From 
Al-Qayrawan, Tunisia, they ruled Sicily and 
Malta 


Allah “Allah” is the Arabic word for God 
the supreme anc only God, the Creator 
who according to the Quran is the same 


God as of the Bible. 


Allahu Akbar Allahu Akbar is Arabic for 
“God is the 


test.” The phrase is said 
juring each stage of both obligatory 
and voluntary prayers, The Muslim call 
to prayer, or athan, or azan, and call to 
commence the prayer, or iqgama, alsa 


contain the phr 


The actual title of 


ir In th 


this phrase Islamic world, 


5 olten shout 
nds “Allah 


instead of applause, Mus! 
“takbir” and the crowd re 


Akbar" in chorus to show agreement and 


Sat isfact ion, 


Almohad One of the greatest medieval 
dynasties, which ruled North Africa (and 
f Spain) from circa 1147 until the 


se to power of the Merenids around 12! 
The Almohad dynasty (from the Arabic 
Al-Muwahhid. or “the 
Unitarians,” the name being corrupted 
through Spanish), were a Berber Muslim 


“the monotheists 


religious power who founded the fifth 


Moorish dynasty in the 12th century, unit- 
ing North Afr f 


with Muslim Spain 


Egypt. together 


Al-Andalus The Aral 
Iberian Peninsula when it 
Musi 


encompassed the area extending from 


me given to the 
is ruled by 


og. Al-Andalus once 


ns from 711 to 


nto northern Spain, border- 


kingdom of Aragon in the narth 


Andalusia is used to denote the 


southern region of Spain. Different mean- 


ings have been suggested for Al-Andahas, 


the most famous ones being the “gardens 


and of the Vand: 
nherited the Roman E 


and rule< Spain befe 


in Arabic) 


rulers wt 


Arab and/or Muslim 
applied to those people who are of Arab 
origin, regard 


The term “Arab” is 


of whether they are/were 
Muslims, "Muslim" is used to refer to the 
people who adhere to the Muslim religion, 
which includes Arabs and non-Arabs, such 
as those from Iran, Pakistan. or Indonesia, 
for example 


Asabiyah This is an Arabic word, which 
can mean “solidarity” or “group conscious 
ness” but is usually translated as “group 
feeling” At the most basic level, asabtyah 
is something that a person feels for his 
family, a kind of “brotherhood.” According 
to Ibn Khaldun, the successful ruler is he 
who manages to spread and maintain the 
asabiyah to all members of the society, so 
that all think of one another as they would 
think of their own brothers. 


Ayyubids A dynasty founded by the 
Muslim Kurdish general Salah al-Din 
al-Ayyubi (d. 1193), known to Christians in 
Europe as Saladin. Salah al-Din established 
the Ayyubid dynasty in 1169. The Ayyubids 
united Egypt and Syna and other parts of 
the Muslim East, which enabled them to 
defeat the Crusaders at Hattin and recover 
Jerusalem 


Al-Azhar A university connected to the 
mosque in Cairo named in honor of 
Fatima al-Zahraa, the daughter of Prophet 
Muhammad, from whom the Fatimid 
Dynasty claimed descent. The mosque was 
built in two years from 971 to 973, and the 
school of theology connected with it was 
founded in 988, It remains to this day. It is 
one of the oldest operating universities in 
the world 


Baidaq Pawn, in chess 


Al-Barrani Al-Barrani consists of a large 
dome-covered hall in a bathhouse, incor- 
porating a drum (below the dome) with 
stained glass windows. The Damascenes 
spent much of their talent on lavishly stain 
ing the walls of Al-Barrani with elegant tiles 
of dazzling colors, reflecting mirrors, and 
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calligraphy plates welcoming clients and 
citing Arabic proverbs. It is here that they 
got ready to proceed to other sections of 
the hammam and where they retired after 
bathing 


Al-Baydah A village near Qaim in Iraq, 


Caliph Literally means “one who replaces 
someone who left or died” In Islamic con- 
text, this means a successor to the Prophet 
Muhammad as a political, military, and 
administrative leader of the Muslims, but 
does not include a prophetic role. 


Caliphate The Islamic state or government, 
whose head is the caliph, 


CE. The Common Era, formerly known as 
the Christian Era. It is the agreed interna- 
tional dating terminology. 


Chatrang = Chatrang is Persian for chess, 
and the oldest form of the game. 


Dinars Basic currency unit, consisting of 
1,000 fils. 


Eid A Muslim celebratory festival, of which 
there are two, one after fasting in the month 
of Ramadan (called Fid al-Fitr), and the 
other in celebration after Hajj (called Eid 
al-Adhha). 


Faqih An expert in Islamic law. 


Faras Arabic term for mare or horse. and 
the knight in chess. 


Fatimid A dynasty, named after Fatima 
al-Zahraa, the daughter of Prophet 
Muhammad, which rose to political 


TOOT INVENTIONS? THE ENDURING LEGACY & 


domination in North Africa in goa. The 
Fatimids are the founders of Islamic Cairo, 
the capital city of Egypt, in 969. 


Al-Fihrist _ Literally this means “a table of 
contents” or "an index” Al-Fihrist is an 
index of all books written in Arabic by 
both Arabs and non-Arabs. It was written 
by Abu al-Faraj Muhamunad ibn Ishaq 
ibn Muhammad ibn Ishaq, also called ibn 
al-Nadim. He began to make this catalog 
of authors and the names of their writings 
for use in his father’s bookstore. As he grew 
older, he became interested in the many 
subjects he read about in books, or those 
he leammed about from friends and chance 
acquaintances, So, instead of being merely 
the catalog for a bookshop, Al-Fihrist 
became an encyclopedia of medieval 
Islamic culture 


Fiqh Literally meaning “knowledge and 
understanding” it is the understanding and 
applications of Sharia (divine law) from its 
sources, 


Al-Fustat Al-Fustat is the first capital of 
Islamic Egypt established in 642 by ‘Amru 
ibn Al- ‘As, and was probably named after 
the Roman military term fossatum, or 


encampment 


Hadith Nartions of the sayings of the 
Prophet Muhammad, which form one of 
the major sources of Islamic law. Each 
hadith is composed of a basic text the 
authenticity of which was guaranteed by a 
chain of witnesses and narrators, 


Hajj Pilgrimage to Meces in Saudi Arabia. 


Hammam Arabic public bath 


{ MUSLIM CIVILIZATION 


Haram Sacred, holy, and/or prohibited 


Ifriqiya In medieval history, Ifriqiya or 
Ifriqiyah was the area comprising the 
coastal regions of what are today western 
Libya, Tunisia, and eastern Algeria. In mod- 
ern Arabic, the term means “Africa.” 


Imam One who leads the prayers. 


Jabal al~arus A mountain in Cordoba, 
Spain. 


Ka’bah Literally, “a high place of respect 
and regard” It is the sacred building in the 
center of the Al-Haram al-Shareef Mosque 
at Mecca, Saudi Arabia, It is the center 
toward which Muslims around the world 
pray. It houses the divine black stone. 


Kiswa Literally “a cover” The holy Kabah 
is covered with a new kiswa (textile cover) 
every year on the tenth Dhul Hijjah, which 
coincides with Hajj. Every year, the old 
kiswa is removed, cut into:small pieces, and 
gifted to certain individuals, visiting foreign 
Muslim dignitaries, and organizations 


Koshk Turkish for kiosk. 


Kutubiyun The word kutubiyun isa 
Moroccan Arabic name for bookbinders. 


Madrasa The word madrasa means a 
school, and evolved originally from the lec 
tures organized in mosques before schools 
became independent entities. These days 
madrasa has a different meaning and thou 
sands of madrasas around the world are 
said to be educational institutions, usually 
teaching Islamic sciences or law. 


Maghreb The Arabic world was tradition 
ally divided into two parts, the Mashriq ar 
eastern part and the Maghreb or western 
part (literally, “the west” or “where the sun 
sets”), Geographically it is defined as the 
region of the continent of Africa north of 
the Sahara and west of the Nde—specih- 
cally, the nodern countries of Moreeco, 
Western Sahara (annexed and occupied by 
Moroceo), Algeria, Tunisia, Libya, and to a 
much lesser extent Mauritania 


Mamluk Originally Turkish slaves who 
formed part of the Abbasid army. The 
Mamluks were a member of the Turkish- 
speaking cavalry that went on to rule Egypt 
and Syria under the 1gth-century Mamluk 
dynasty. 


Manarah Arabic for minarets of the 


mosque. Literally means “lighthouse” 


Mihrab A niche in the wall of the mosque 
that indicates the direction in which one 
should pray, toward Mecca 


Minaret A tower from which the muezzin, 
or crier, calls people to prayer. 


Minbar = A pulpit for the imam, or prayer 


leader. 


Miswak Acleaning stick, actually a twig 
from certain trees, essentially the arak tree 
botanically known as Salvadore persica, 
used for cleaning the teeth. Investigations 
by Swiss pharmaceutical company Pharba 
Basel, Lid. found that it contains antibacte 
rial substances that destroy harmful germs 
in the mouth. 


Mithqals Weig)its 
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Mosque A public place for worship and 
prayer for the Muslims 


Mu’allim 


Islamic teacher 
Muhandis Engineer or architect 


Al-Muhtasib  Al-Muhtasih is literally “a 
judge” (qadi) who takes decisions on the 
spot in any place and at any time, a3 long 
as he protects the interests of the public 
His responsibilities are almost endless in 
order to implement the foregoing principle 
commanding the good and forbidding the 
evil of wrongdoing Al-Muhiasib and/or his 
deputies, like a full judge, must have high 
qualifications and be wise, mature, pious, 
well poised, sane, free, just, empathic, and 
a learned scholar, or fagih. He has the abil 
ity to ascertain right from wrong, and the 
capability to distinguish the permissible, 


halal, from the nonpermissible, haram. So, 
Al-Muhtas 
mon welfare and to eliminate injuries to 


entrusted to secure the com 


society as a whole, even if such honorable 
tasks require him to take a stance against 
the ruling governance. In short, he must be 
an appointee (fully authorized), pious, and 
just, 


Muwaqqit Timekeeper, a wise man given 
the task 5 
of prayers 


bserve and decide on the times 


Pbuh Peace (and blessings of Allah) be 
upon him (Prophet Muhammad); 8 vow of 
devotion and belief that Muhammad was 
the Prophet of God (Allah). This phrase 
is repeated by Muslims every time they 
pronounce or hear the name of Prophet 
Muhammad. 


Qadi A Muslim judge. 
Al-Qahwa Arabic term for coffee. 
It 


s town in northeast 


: t city of Islam 
Founded in 670 by Ugbah bin Nafi, an Arab 
eat of Arab governors in 
North Africa until 800, Under the Aghlabid 
the chief 


ning, and 


leader, it was the se 


dynasty (800-909), it becarn 


commerce and les 


center 


remained so during the Fatimid rule (909: 
923). The city ruined (1057) by Beclouin 


22 Banu Hilal tribe, and subse 


supplanted by Tunis 


iriver 


quently we 


This word was d d from qalai 


Al-Qali 


(to dry or roast in a 


qali is “the 


substance that h 


saltwor 


of the pl: nguages 


of Europe, both substance ¢ named 


natron. 
Qamara = A dark room, also a ship's cabin. 


Qanat 


canal between an aquifer on a piedmont 


It is a type of underground irrigatic 


zone to a garden on an arid plain. The word 


is Arabic, but the 


from ancient Iran 


Qibla AnA 


tion of Mecea, Saud) Arabia, th 


> word referring 


should face toward when they 


The seventh month in the Islami 


Rajab 


lunar calendar 


Itis the ninth month in the 


alendar, best known as the holy 


f fasting for Muslims 


Rawdiya = The inhabitants of the early 


Islamic world 


This love of plants is clearly shown in & 


genre of poetry, the rawdtya, or garden 


poe 


probably of Persian origin, which 


came to be one of the main poetic forms in 
the Abbasid orient from the eighth to the 


tenth centun 


Rihla Literally men 


t is a piece of writing about 


journey, travel 


travelogue” 


Safavid dynasties The 


dynasty that ruled from 1501 


vids, an Iranian 
1736. They 
tablished Sufi 
had flourished in Azerbaijan 
the 


had their origins in a long-es 


ord 


since the early 14) 


ry. Its founder was 


), after whorn it 


5 named 


Al-Saratan Arabic term 


T Cancer 


Seljuks 


across Persia, Anatolia, and Turkey 


A Turkish dynasty that ruled 


between 1038 and 1327, They are b 


known for their great promotion of learn 
g Pp 


ing, arts, and tr The Seljuks gave 


the macirasa ( 


ol) its final shape and 
y 
ve mosque. They 


s it became a comple’ 


ding frorr 


ne rise of the caravan- 


were 


) behind th 
| 


ari€ ol complexes providing free 


accommodation, f and services for 


trading carav: In the arts, they are best 


remembered for the introduction of the 


iwan plan and mugarnas vaulting 


Shadoof Machine for lifting water, 
* consisting typically of a long, pivoted 
| 


weight at one 


* acting as a lever, with a 


ond. The other end is 


wooden p. 


positioned over a well, The shadoof was 
in use in ancient Egypt, and is still used 
in Arab countries today. 


Sheikh A social title of respect given to 
an elderly, wise, or a religious person in 


the community. 


Sharia Sharia is the law system inspired 
by the Quran and the sayings of Prophet 


Muhammad. Sharia is often referred to as 


Islamic law. 
Souk The marketplace. 


Sufism Mystical belief and practice in 


which the truth of divine love and knowl- 


edge of God is sought. 


Al-Tasrif Literally means “conducting” 
or “handling a certain issue.” Here it is 
a medical encyclopedia written by Abul 
Qasim Khalaf ibn al-Abbas al-Zahrawi, 
also known as Abulcasis, The complete 
title is Al-Tasrif li-man ‘ajiza ‘an al-taalif, 
or The Method of Medicine, translated 
as The Arrangement of Medicine. It had 
1,500 pages, showing that Abulcasis was 
not only a medical scholar, but also a 
great practicing physician and surgeon. 
It influenced the progress of medicine 
in Europe. See the section Medical 
Knowledge in the Hospital chapter to 
learn more about it 


Tawaf The circurnambulation or walking 
counterclockwise around the Ka’bali in 
Mecca 


Thikr The action of remembering God 
(Allah), consisting of the repetition of 
words in praise of God 
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Al-Ud The ‘ud (also spelled oud) is a 


musical instrument common to the 
Arab culture. It is a stringed instrument 
slightly smaller than a guitar, with eleven 
strings in six courses. Some ‘uds may 
have more or fewer strings; common are 
versions with thirteen strings in seven 
courses, or ten strings in five courses. 


Ulama Scholars of the Islamic sciences. 


Vizier/wazir Chief minister of the 


Abbasid caliphs and also government 
official in Islamic states. 


Wagaf Religious charitable institutions 
that manage various gifted and donated 
financial assets. The waqfs finance 
mosques, madrasas, fountains, and other 
public services. Their role has been 
greatly undermined by modern state 
intervention 


Waraq Paper 


Warraq Papermanufacturer/bookbinder/ 
scribe. 


Wudhu 
tion. Before offering the prayer, one must 
be in. good shape and pure condition 


Performance of the ritual of ablu 


It is necessary to wash the parts of the 
body that are generally exposed to dirt 

or dust or smog, like the hands, mouth, 
nose, face, arms, hair, ears, and feet. This 
is called ablution, and the person who has 
petformed it is ready to start his prayer. 
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“In a [Muslim] civilization that stretched from Spain to 
China the golden rays of discovery and invention shone 
over everything. Through scholars and scientists of 
various faiths some of the most important discoveries 


known to man were made at this time.” 
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